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"Death n ig h t  tak e  p la c e  w ith in  a few  hours from a f a t a l  
m e ta s ta s is  o f  th e  b u cca l s a l iv a t io n  to  th e  p a n c r e a s• "
Neumann, 1836•
E a rly  a n a to m ists  (de G raaf, 1 6 7 1 ), r e c o g n is in g  th e  
resem blance between th e  two o rg a n s , regarded th e  p an creas a s  
an abdom inal s a l iv a r y  g lan d . The t o x ic  e f f e c t s  o f  
p a n c r e a t i t i s  were a t tr ib u te d  to  e x c e s s  p a n c r e a t ic  s a l iv a t i o n ,  
as in  th e  q u o ta tio n  from Neumann g iven  ab ove. S ch m itt  
(18 1 8 ) a ls o  r e f e r s  to  a p a t ie n t  who d ied  from " p tya lism  o f  
th e  mouth and abdomen."
Neumann's words seem p r o p h e t ic .  He and h is  contem porar­
i e s  cou ld  n o t have con ce iv ed  o f  in tr a p a n c r e a t ic  enzymes hav in g  
a p la c e  in  th e p a th o lo g y  o f p a n c r e a t i t i s  nor cou ld  th ey  have 
known t h a t ,  n e a r ly  a cen tu ry  l a t e r ,  th e  s p i l l i n g  in to  th e  
blood  and u r in e  o f  e x c e s s iv e  amounts o f  d ia s ta s e  from th e  
pan creas would be put forward as  a d ia g n o s t ic  fe a tu r e  o f  a cu te  
p a n c r e a t i t i s .
D ia s ta s e  in  human p a n c r e a t ic  j u ic e  was n o t  dem onstrated  
u n t i l  1845 (B ouchardat and Sandras) and was ob served  in  th e  
b lood  th e  fo l lo w in g  y e a r  by M agendie, though t h e i r  p o s s ib le  
common sou rce was n o t r e c o g n ise d  u n t i l  a good d e a l l a t e r .
Lepine and B arra l (1 8 9 1 ) showed t h a t ,  in  th e  d og, l i g a t io n  o f  
th e  p a n c r e a t ic  d u cts  produced a marked r i s e  in  th e  serum  
am ylase . S c h le s in g e r  (1 9 0 8 ) a ls o  found th a t  th e  b lood  
am ylase in  th e  dog was m arkedly reduced a f t e r  pancreatectom y  
and he p o s tu la te d  th a t  th e  p an creas was th e  sou rce o f th e  
am ylase c i r c u la t in g  in  th e  b lo o d . Wohlgemuth (1 9 0 8 ) confirm ed  
both  th e s e  f in d in g s  u s in g  an im proved la b o r a to r y  te c h n iq u e .
L a te r , in  1929, Wohlgemuth rep o rted  f in d in g  th e  am ylase  
c o n c e n tr a tio n  o f th e  b lood  to  be in c r e a se d  in  p a t ie n t s  w ith  
acu te  p a n c r e a t ic  d i s e a s e .  McCaughan (1 9 3 4 ) came to  th e  
c o n c lu s io n  th a t  serum am ylase e s t im a t io n s  m ight be v a lu a b le  in  
th e  d ia g n o s is  o f p a n c r e a t i t i s  a lth o u g h , a s  th e  hyperam ylasaem ia  
in  t h i s  c o n d it io n  was tem porary, th e  v a lu e  o f  th e  t e s t  a s  a 
r o u tin e  c l i n i c a l  in v e s t ig a t io n  would be g r e a t e s t  in  c a s e s  seen  
in  th e  e a r ly  s ta g e s  o f  th e  d i s e a s e .
P ro g r ess  was made when Somogyi (1 9 3 8 ) d evelop ed  a 
sim p le  and rap id  method fo r  m easuring  serum am ylase and, 
from e a r ly  r e p o r ts  by Somogyi and o th e r s ,  i t  seemed th a t  
t h i s  b io ch em ica l t e s t  would become e s t a b l is h e d  as a r o u tin e  
procedure o f  some v a lu e  in  th e  d ia g n o s is  o f  th e  a cu te  
abdomen. F u rth er e x p e r ie n c e s  showed th a t  hyperam ylasaem ia  
was n o t a s p e c i f i c  resp on se  l im ite d  to  prim ary p a n c r e a t ic  
d is e a s e  and th a t  th e  t e s t  som etim es f a i l e d  j u s t  in  th o se  
c o n d it io n s  in  which i t  was m ost n eed ed . W ilson and Seabrook
(1 9 5 3 ) cla im ed  th a t  in  t h e ir  e x p er ien ce  a h igh  serum am ylase  
was n o t due to  p a n c r e a t ic  d is e a s e  in  th e m a jo r ity  o f  c a s e s  
and th ey  co n sid ered  th a t  t h i s  t e s t  was too  u n r e l ia b le  to  be 
u s e fu l  or s a f e .
The r o le  o f su rgery  in  th e  e a r ly  s ta g e s  o f  acu te  
p a n c r e a t i t i s  i s  e s s e n t i a l l y  d ia g n o s t ic  and most would agree  
th a t  su rgery  would be b e s t  avo id ed  i f  d ia g n o s is  cou ld  
o th erw ise  be e s t a b l is h e d .  T his p o in t  was made in  th e  f i r s t  
monograph w r itte n  upon acu te  p a n c r e a t i t i s ,  when F i t z  (1 8 8 9 )  
s a id :  " It (a cu te  p a n c r e a t i t i s )  has been r e p e a te d ly  confounded
w ith  a cu te  in t e s t in a l  o b s tr u c t io n , and th u s has le d ,  in  
se v e r a l in s ta n c e s ,  to  an in e f f e c t iv e  laparotom y -  an o p era tio n  
which in  th e  e a r ly  s ta g e  o f  th e  d is e a s e  i s  ex trem ely  h azard ou s.
T his rem ains tru e  but a g r e a te r  hazard i s  prob ab ly  in cu rred  
in  th e  n o n -r e c o g n it io n  o f  s u r g ic a l  c o n d it io n s  c l i n i c a l l y  
resem b lin g  p a n c r e a t i t i s ,  such as p e r fo r a t io n  o f  p e p t ic  u lc e r ,  
o b s tr u c t io n  or s tr a n g u la t io n  o f  g u t, where im m ediate 
laparotom y i s  d e s ir a b le .  The f i r s t  s tep  tow ards s a f e t y  i s  
th e  making o f  a d ia g n o s is .
In 1954, w ith in  th e  sh o r t p er io d  o f a few  w eeks, th e r e  
were ad m itted  to  t h i s  s u r g ic a l  u n it  f i v e  c a s e s  o f  a cu te  
p a n c r e a t i t i s ,  o f  which o n ly  one -  th e  l a s t  -  was d iagn osed  
b efo re  o p e r a t io n . Of th e th r e e  c a se s  which had been  
su b je c te d  to  im m ediate laparotom y, two d ie d . 1 thereupon  
d ec id ed  to  in v e s t ig a t e  th e serum am ylase l e v e l s  p r e se n t  in  
a cu te  abdominal d is e a s e  to  f in d  o u t how f a r  th e  measurement 
o f  th e  b lood  am ylase was o f  a s s i s ta n c e  in  th e  d ia g n o s is  Of 
p a n c r e a t ic  d is e a s e ,  how fa r  l e v e l s  comparable to  th o se  
o c c u r r in g  in  acu te  p a n c r e a t i t i s  ob ta in ed  in  non^-pancreatic  
c o n d it io n s  and i f  th e  avoidance o f  laparotom y in  th e  a cu te  
s ta g e  o f  th e  d is e a s e  c o n s t itu te d  a th e r a p e u tic  advance.
The r e s u l t s  o f in v e s t ig a t io n s  in  a p e r s o n a lly  observed  s e r i e s  
o f  23 c a s e s  o f acu te  p a n c r e a t i t i s  and 200 c a s e s  o f  a cu te  
e x tr a p a n c r e a tic  abdominal d is e a s e  are p r esen ted  h e r e .
The n o n -o p e r a tiv e  trea tm en t o f  a cu te  p a n c r e a t i t i s  has  
been d ir e c te d  m ain ly  toward th e  r ed u ctio n  o f  p a n c r e a t ic  
s e c r e t io n ,  on th e  assum ption th a t  th e  e f f e c t s  o f  a cu te  
p a n c r e a t i t i s  are due to  th e  d ig e s t iv e  a c t io n  o f  p a n c r e a t ic  
ferm en ts  which have escap ed  from th e  d u c ta l system  in to  th e  
t i s s u e s  and th e c i r c u la t io n .  S ev era l drugs used  fo r  t h i s  
purpose have appeared to  have a b e n e f ic ia l  e f f e c t  upon th e  
cou rse  o f th e  i l l n e s s  b u t, in  some c a s e s  a t  l e a s t ,  th e  
e v id e n c e  th a t  t h i s  has been due to  an e f f e c t i v e  su p p ress io n  
o f  p a n c r e a t ic  s e c r e t io n  i s  r a th e r  in c o n c lu s iv e .  U sin g  th e  
serum am ylase as a measure o f  th e  s p i l l  o f p a n c r e a t ic  
fe r m e n ts , I have attem pted  to  determ ine th e  e f f e c t  o f  s e v e r a l  
th e r a p e u t ic  su b sta n ces  upon s e r i e s  o f  r a t s  both  in  normal 
h e a lth  and a ls o  a f t e r  th e  p ro d u ction  o f  o b s tr u c t iv e  
p a n c r e a t i t i s .
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1. THE PHYSIOLOGY OF AMYLASE
( a ) Source and F u n ction  o f  Amylase
Human am ylase i s  s y n th e s is e d  in  th e p a n c r e a s , s a l iv a r y  
g la n d s , sere-zym ogen ic  g lan d s o f  th e  sm all i n t e s t in e  and 
p o s s ib ly  a ls o  in  th e  l i v e r  (Cohen, 1 9 2 4 ). Most o f  t h i s  
am ylase i s  s e c r e te d  d ir e c t ly  in to  th e  a lim en ta ry  t r a c t  where 
i t  a id s  d ig e s t io n  by s p l i t t i n g  s ta r c h , g lycogen  and o th e r  
carb oh yd rates as f a r  as th e d is sa c h a r id e  s ta g e*  The main 
and m ost im portant p a r t o f  t h i s  am ylase comes from th e  
p a n c r e a t ic  j u ic e .
Serum a n y la se  i s  a ls o  s e c r e te d  by th e se  organs d ir e c t  
in to  th e  b lood  stream . Amylase appears in  th e  b lood  stream  
s h o r t ly  a f t e r  b ir th  and in c r e a s e s  g r a d u a lly  in  amount so th a t  
a t  th e  end o f th e  f i r s t  y ea r  i t  rea ch es i t s  f i n a l  a d u lt  l e v e l  
(Korowin, 1 8 7 3 ). T h e r e a fte r , a lth ou gh  i t s  l e v e l  v a r ie s  from  
in d iv id u a l to  in d iv id u a l ,  i t  rem ains f a i r l y  c o n sta n t in  th e  
one p erso n . Wohlgemuth (1 9 0 9 ) , Elman, Arneson and Graham, 
(1929) and o th e r s  have observed  th a t  some f lu c t u a t io n  in  serum 
am ylase l e v e l  may occur in  h e a lth  but Somogyi (1 9 3 1 ) found  
in d iv id u a l v a r ia t io n s  to  be n o t more than 100 p er c e n t .  The 
serum am ylase l e v e l  i s  u n a ffe c te d  by e a t in g ,  s ta r v a t io n ,  
d r in k in g , t h i r s t  or s le e p  (Som ogyi, 1941) nor in  h e a lth  i s  i t
a lt e r e d  by v a g a l o r  hormonal s t im u la t io n  o f  th e  p a n crea s .
I t  i s  however reduced a f t e r  e x t ir p a t io n  o f  th e  pan creas  
both in  th e  exp er im en ta l anim al (S c h le s in g e r ,  1908) and in  
man ( C a t t e l l  and Warren, 1 9 5 3 ).
The fu n c t io n  o f  th e  b lood  am ylase i s  u n c e r ta in . As 
i t s  l e v e l  can be a l t e r e d  by induced  changes in  carbohydrate  
m etabolism  (Myers and R eid , 1933; Som ogyi, 1941; D r e i l in g  
e t  a l . ,  1958; and o th e r s )  and by d is tu r b a n c e s  in  l i v e r  
fu n c t io n  (Som ogyi, 1 9 3 4 ), i t  may p la y  a p a r t in  carbohydrate  
m etab o lism . T his however has n ever  been p ro v ed .
(b )  C ontro l o f  E xocrin e S e c r e t io n  o f  P a n c r e a tic  Amylase
Amylase i s  a component o f  th e  p a n c r e a t ic  j u i c e ,  which i s  
an abundant, c l e a r ,  c o lo u r le s s  a lk a lin e  f l u i d  (pH 8 .3  -  8 . 6 ) ,  
c o n s is t in g  o f  w a ter , e l e c t r o l y t e s  and d ig e s t iv e  ferm en ts  
concerned w ith  th e  breakdown o f f a t ,  carbohydrate and p r o t e in .  
L ip ase and anqrlase are se c r e te d  in  an a c t iv e  form , w h ile  th e  
p r o t e o ly t i c  enzym es, tr y p s in  and ehym otrypsin are m ain ly  
s e c r e te d  a s  in a c t iv e  try p s in o g en  and chym otrypsinegen . These 
enzymes are produced in  p a r a l l e l  c o n c e n tr a tio n s  and t h i s  
q u a n t i ta t iv e  r e la t io n s h ip  i s  n o t a lt e r e d  in  h e a lth  or d is e a s e  
(B a x te r , 1935; Agren and L a g e r lo f , 1936; Harper and Raper, 
1943; D o u b ile t , 1 9 5 8 ).
The p a n c r e a t ic  s e c r e t io n  in  man i s  co n tin u o u s but 
m o d ifie d  by n erv o u s , horm onal,and v a s c u la r  in f lu e n c e s .
The in c r e a se d  p a n c r e a t ic  s e c r e t io n  th a t  appears d u rin g  
d ig e s t io n  o ccu rs in  resp on se  to  s p e c i f i c  s t im u l i ,  e i t h e r  w ith  
th e  a c t  o f  e a t in g  ( c e p h a lic  p h a se ) or w ith  th e  p resen ce  o f  
food  in  th e  i n t e s t i n a l  t r a c t  ( g a s t r o - in t e s t in a l  p h a se ) .  The 
c e p h a lic  phase h a s , s in c e  P a v lo v , been a t t r ib u te d  to  v a g a l,
i . e .  n eu ro g en ic  im p u lse s , w h ile  th e  g a s tr o —i n t e s t i n a l  phase  
was r e c o g n ise d  as hormonal fo l lo w in g  th e  i s o l a t i o n  o f  
s e c r e t in  by B a y lis s  and S t a r l in g  in  1902.
(1 )  The N eurogen ic C ontro l o f P a n c r e a tic  S e c r e t io n :
The p an creas has both  a sym path etic  and a p arasym p ath etic  
in n e r v a t io n . The sym path etic  f ib r e s  reach th e  pancreas  
through th e  g r e a te r  and l e s s e r  sp la n ch n ic  n e r v e s , a r i s in g  
from 5 -1 0  th o r a c ic  g a n g lia ,  w h ile  th e  p arasym path etic  n erv es  
reach th e  gland through th e v a g i and term in a te  through  
i n t r i n s i c  p a n c r e a tic  g a n g lia .  A ll  n e r v e s , both  sym p ath etic  
and p arasy m p a th etic , p a ss  through th e c o e l ia c  p le x u s , where 
th e  two ty p e s  o f  f ib r e s  cannot be sep ara ted  a n a to m ica lly  
(B la d e s , 1 9 5 3 ). The v a g a l branches to  th e  p an creas term in a te  
on a c in a r  c e l l s ,  is le t s ^ a n d  smooth m u scles o f d u c ts . P av lov  
(1897 ) showed t h a t ,  in  th e dog, d iv is io n  and im m ediate 
s t im u la t io n  o f  th e  p e r ip h e r a l p o r tio n  o f  th e  vagus caused
in h ib i t io n  o f  p a n c r e a t ic  s e c r e t io n s  b u t, i f  4 -8  days were 
a llo w ed  to  e la p se  a f t e r  d iv i s io n  o f  th e  n erve  to  a llo w  
d eg en era tio n  o f  th e  in h ib ito r y  f i b r e s ,  th en  s t im u la t io n  o f  
th e  p e r ip h e r a l p o r t io n  o f  th e  vagus caused  s e c r e t io n  o f  a 
j u ic e  r ic h  in  enzym es. T h is e f f e c t  can a ls o  be o b ta in ed  by 
th e  a d m in is tr a t io n  o f  parasym pathom im etic d ru g s , f o r  exam ple, 
p i lo c a r p in e .  The sp la n ch n ic  n e rv es  a ls o  p a ss  through th e  
c o e l ia c  p le x u s  and co n ta in  both  s e c r e to r y  and in h ib ito r y  
f i b r e s .  The in h ib ito r y  f ib r e s  are a d ren erg ic  and p rob ab ly  
a c t  by p roducing  to n ic  changes in  th e  v a s c u la r  bed o f  th e  
pan creas (Kuntz and R ic h in s , 1 9 4 9 ) . The s e c r e to r y  f ib r e s  
can be p a ra ly sed  w ith  a tro p in e  and Babkin e t  a l  (1 9 3 9 )  
p rov id ed  d ir e c t  ev id e n c e  th a t  th ey  were c h o lin e r g ic  by 
d em on stratin g  an in c r e a se d  a c e ty lc h o l in e  c o n te n t in  b lood  
from th e  p a n c r e a t ic  v e in  fo l lo w in g  sp la n ch n ic  s t im u la t io n .
In man, thoraco-lum bar sympathectomy has l i t t l e  e f f e c t  upon 
p a n c r e a t ic  s e c r e t io n  ( P f e f f e r ,  Stephenson and H inton , 1952) 
and in  p r a c t ic e  th e  sp la n ch n ic  n erv es  appear to  p la y  an 
in s ig n i f i c a n t  p a rt in  th e c o n tr o l o f  p a n c r e a t ic  s e c r e t io n  
( C a t t e l l  and Warren, 1 9 5 3 ). The p resen ce  o f  a lo c a l  r e f le x  
mechanism was a n t ic ip a te d  by H eidenhein  in  1875. He 
p o s tu la te d  th a t  th e  e x t r in s i c  n erv es o f th e  pancreas d id  n o t  
a c t  as d ir e c t  s e c r e to r y  n erv es  but were m erely  r e g u la to r y  in
t h e ir  fu n c t io n  l i k e  th e  n e rv es  o f  th e  h e a r t .  Kuntz and 
R ic h in s  (1 9 4 0 ) have dem onstrated  th e  p resen ce  o f  a 
p a n c r e a t ic - in t e s t in a l  r e f l e x  w hich cou ld  fu n c t io n  a f t e r  
d iv is io n  o f  sp la n c h n ic s  and v a g i but req u ired  th e  in t e g r i t y  
o f  th e  c o e l ia c  p le x u s .  I t  may be th a t  m ech an ica l and 
chem ica l s t im u la t io n  by food  in  th e  duodenum produces  
p a n c r e a t ic  s e c r e t io n  through such a lo c a l  r e f l e x  (E a r l Thomas, 
1 9 5 0 ).
( i i )  The Hormonal C ontro l o f  P a n c r e a tic  S e c r e t io n . In  
1902, B a y l is s  and S t a r l in g  i s o la t e d  from th e  mucosa o f  th e
duodenum and upper jejunum a su b stan ce  which s t im u la te d
p a n c r e a t ic  and b i l i a r y  s e c r e t io n  in  th e  d en ervated  organ and 
to  which th ey  gave th e  name ns e c r e t i n . ” T h is crude s e c r e t in  
has s in c e  been f r a c t io n a te d  in to  se v e r a l com ponents, o f  which  
o n ly  two have a d ir e c t  e f f e c t  upon th e p a n crea s:
1 . pure s e c r e t in  (M ellan b y, 1925) which s t im u la te s  
b icarb on ate  and w ater s e c r e t io n  but has no
e f f e c t  upon th e enzyme fr a c t io n  o f  th e  p a n c r e a t ic
j u ic e ;
2 . pancreozym in (Harper and Raper, 1943) which  
s t im u la te s  enzyme p ro d u ction  w ith  l i t t l e  e f f e c t  
upon w ater or b icarb on ate  p r o d u ctio n .
These hormones are l ib e r a te d  in to  th e p o r ta l v e in  from th e
mucosa o f  th e  duodenum and upper jejunum by th e  s t im u lu s  o f  
food  o r  h y d e r c h le r ie  a c id  e n te r in g  th e  duodenum. The 
p h y s io lo g y  o f  th e s e  hormones has been rev iew ed  in  d e t a i l  by 
Grossman (1 9 5 6 ) .'
( i i i )  V ascu lar  F a c to r s . The s e c r e to r y  a c t i v i t y  o f  th e  
p an creas demands a b lood  flo w  adequate fo r  th e  m e ta b o lic  
req u irem en ts o f  th e  g la n d u la r  e p ith e liu m  and a ls o  fo r  th e  
f i l t r a t i o n  o f s u f f i c i e n t  w ater and e l e c t r o l y t e s .  I t  i s  very  
d o u b tfu l, in  th e human a t  l e a s t ,  w hether o th e r  than g r o ss  
a l t e r a t io n s  in  b lood  f le w  can determ ine th e  volume and n atu re  
o f  th e  e x te r n a l p a n c r e a t ic  s e c r e t in  (T ankel and H o lla n d er , 
1 9 5 7 ).
( c )  The P ancreas and Serum Amylase
A ccord ing to  Jan ow itz  and H ollander (1 9 5 1 ) th e r e  i s  a 
p h y s io lo g ic a l  p a r t i t io n  o f d ig e s t iv e  enzym es, in c lu d in g  th o se  
o f  th e  p a n crea s , w ith  a la r g e  " exocrine"  f r a c t io n  which i s  
s e c r e te d  in to  the bow el, and a sm all ''en d ocrin e1’ f r a c t io n  
which p a s se s  d ir e c t  in to  th e  b lood  stream . There i s ,  under  
b a s ic  c o n d it io n s , a c o n sta n t q u a n t ita t iv e  r e la t io n s h ip  
betw een th e s e  two f r a c t io n s  but t h i s  q u a n t ita t iv e  p a r a l le l is m  
may be u p se t  by s t r e s s ,  lo c a l  d is e a s e ,a n d  o th e r  f a c t o r s .
M easurements o f th e  am ylase c o n te n t o f  th e  e x te r n a l p a n c r e a t ic
s e c r e t io n  and o f  th e  u r in e  would in d ic a te  th a t  n o t more than  
one p er  c e n t  o f th e  enzyme p a n c r e a t ic  s e c r e t io n  p a s se s  
d ir e c t  in to  th e  b lood  stream .
There i s  la ck  o f  agreem ent a s  to  how much o f  th e  am ylase  
n orm ally  p r e se n t  in  th e  b lood  o r ig in a t e s  from th e  pancreas*  
When, how ever, th e  p a n c r e a t ic  duct i s  l ig a t e d  in  a n im a ls , 
th e r e  i s  a rap id  r i s e  in  th e serum am ylase to  many t im e s  i t s  
p r e v io u s  l e v e l  and t h i s  e x c e s s  am ylase in  th e  b lood  i s  from  
th e  p a n crea s , which now undoubted ly  s u p p lie s  by fa r  th e  
g r e a t e s t  p a r t o f  th e  am ylase in  th e  b lood  stream . T his  
in c r e a se  in  th e  b lood  am ylase i s  due to  a break-down in  th e  
p h y s io lo g ic a l  e n d o c r in e -e x o c r in e  p a r t i t io n  fo l lo w in g  th e  
induced  o b s tr u c t io n  to  th e  d u c ta l s e c r e t io n  so th a t  w a ter , 
e le c tr o ly te S y  and enzymes f lo o d  in to  th e i n t e r s t i t i a l  and 
p e r ip a n c r e a t ic  t i s s u e s  in  amounts which may be v i s i b l e  to  
th e  naked eye as s w e l l in g  and oedema.
H erring  and Simpson (1 9 0 9 ) dem onstrated  by a carm ine 
g e la t in e  in j e c t io n  tech n iq u e  th e  p resen ce  o f  f in e  e a n a l i c u l i  
betw een th e  a lv e o la r  c e l l s ,  which th ey  b e lie v e d  was th e  
enzyme and f lu id  pathway in to  th e  i n t e r s t i t i a l  t i s s u e s .
The p resen ce  o f  th e se  e a n a l i c u l i  has been confirm ed by R ich  
and D uff (19 3 6 ) and by Egdahl (1 9 5 8 ) .  A lte r a t io n s  in
p e r m e a b il ity  o f  g lan d  parenchyma in  a cu te  p a n c r e a t ic  d is e a s e  
may be dem onstrated  by p an crea tograp h y . In th e  normal 
glan d  o n ly  th e  d u cts  are o u t l in e d ,  w hereas in  a cu te  
p a n c r e a t i t i s  th e  whole gland su b stan ce  becomes opaque. With 
rec o v ery  from th e  a cu te  a tta c k  th e  gland r e tu r n s  to  i t s  
normal sem iperm eable s t a t e  w ith  a normal pancreatogram  
(D e u b i le t ,  1 9 5 8 ).
The enzymes p a ss  from th e  i n t e r s t i t i a l  t i s s u e s  in to  th e  
blood  b oth  by th e  p a n c r e a t ic  v e in s  and by th e  lym p h atics  
(Popper and N e c h e le s , 1940; Aoyama, 1 9 5 5 ). R ecen tly  Egdahl 
(1 9 5 8 ) dem onstrated  th a t  i n i t i a l l y  most o f  th e  enzyme i s  
absorbed in to  th e c ir c u la t io n  v ia  th e  p a n c r e a t ic  v e in s  but as  
th e  r e t r o -  and in t r a - p e r i t o n e a l  e f fu s io n  p r o g r e s s e s ,  th e  
amount c a r r ie d  by th e  lym p h atics in c r e a s e s  u h t i l  i t  su r p a sse s  
in  volume th a t  o f  th e  p o r ta l b lo o d .
(d ) The Kidney and th e  Serum Amylase
The amount o f  am ylase in  th e  b lood  i s  dependent upon th e  
b a lan ce between th e  s e c r e t io n  o f  am ylase in to  th e  b loodstream  
by th e  pancreas and o th e r  am ylase-p rod u cin g  organs and th e  
e x c r e t io n  by th e k id n e y s . When th ere  i s  e x c e s s iv e  am ylase 
s p i l l  in to  th e  b lood  stream , as in  p a n c r e a t i t i s  or mumps, 
th ere  i s  a sharp r i s e  in  th e u r in a ry  am ylase ou tp ut which
rem ains in c r e a se d  u n t i l  th e  b le e d  am ylase has retu rn ed  t e  
normal l e v e l s .  W hile th e  d a i ly  u r in a ry  o u tp u t o f  am ylase  
in  h e a lth  v a r ie s  w id e ly  w ith  th e  in d iv id u a l and from day to  
day in  th e  same p erson  (Sm ith  and Roe, 1 9 5 2 ) , th e  amount 
e x c r e te d  by th e  k id n ey s  in  one hour i s  g r e a te r  than th e  
amount in  100 m l. b lood  (Gray and Som ogyi, 1 9 3 7 ) .
When th e r e  i s  d e f e c t iv e  r e n a l fu n c t io n ,  th e r e  i s  
r e v e r s a l  o f  t h i s  r a t io  w ith  r e te n t io n  o f  am ylase in  th e  b lood  
and serum am ylase l e v e l s  as h ig h  as 1 ,200  Somogyi u n i t s  (mg. 
g lu c o se  p er  c e n t)  have r e s u lte d  from r e n a l c a u se s  (P r o b s te in  
and P a r e ir a , 1 9 5 2 ). When such am ylase r e te n t io n  o c c u r s ,  
th e r e  i s  u s u a l ly  an accompanying azotaem ia (R o d r iq u e z -O lle r o s ,  
1955) but Sachar and Weinhaus (1 9 5 5 ) have rep o rted  one ca se  
in  which a p e r s i s t e n t  r a ise d  serum am ylase l e v e l  was due to  
im paired  r en a l c lea ra n ce  fo r  am ylase w ith o u t o th e r  ev id e n c e  
o f  d e f e c t iv e  ren a l fu n c t io n .  They a c c o r d in g ly  a d v ised  th a t  
in  u n exp ected  hyperamyl&saemia th e  u r in a ry  am ylase should  a ls o  
be d eterm in ed .
( e )  O ther F a c to r s  in  C ontrol o f  Serum Amylase L evel
Even in  th e absence o f d is e a s e  o f  th e  p a n crea s , s a l iv a r y  
g lan d s or o f  th e  k id n e y s , th e  am ylase c o n c e n tr a tio n  in  th e  
blood  may be a lte r e d  by im pairm ent o f  l i v e r  fu n c t io n , marked
changes in  carbohydrate m etabolism  and by a d r e n e -c e r t ic o -  
th& lam ic d iso rd ers*  The ev id e n c e  f o r  t h i s  i s  a s  f o l i o v s :
i .  The serum am ylase f a l l s  in  th e  p resen ce  o f  
l i v e r  d is e a s e  (Som ogyi, 1934; Gray,
P r o b s te in  and H e if e t z ,  1 9 4 1 ).
i i .  The b lood  am ylase l e v e l  in  s u b je c ts  w ith o u t  
p a n c r e a t ic  d is e a s e  i s  a l t e r e d  by th e  admin­
i s t r a t i o n  o f druggs th a t  a f f e c t  carbohydrate  
m etabolism  ( D r e i l in g  e t  a l . ,  1 9 5 8 ) . In  
g e n e r a l, th e  b lood  am ylase f a l l s  in  s t a t e s  
du rin g  which th ere  i s  in c r e a se d  u t i l i s a t i o n  
o f  sugar and r i s e s  fo l lo w in g  th e  a d m in is tr a t io n  
o f  drugs which d im in ish  th e  u t i l i s a t i o n  o f  
sugar* D r e i l in g  and h is  co-w orkers have 
concluded  th a t  th e normal b lood  am ylase i s  
r e g u la te d  by e x tr a p a n c r e a tic  p r o c e sse s*
i i i *  The resp on se o f th e  b lood  am ylase to  u p se ts  
in  carbohydrate m etabolism  i s  dependent upon 
an in t a c t  hypothalam us (B abkin , 1935) and i s  
m ediated  through th e  va g u s, b e in g  a b o lish e d  
by b i la t e r a l  vagotom y.
An in t a c t  p itu ita r y -a d r e n a l  a x is  would a ls o  appear to  
be n e c e ssa r y  fo r  normal serum am ylase l e v e l s .  Cope e t  a l .  
(1 9 3 9 ) found th a t  both  a d ren a lecto n y  and rem oval o f  th e  
a n te r io r  p i t u i t a r y  in  dogs caused  s ig n i f i c a n t  r i s e s  in  th e  
serum am ylase which cou ld  be c o n tr o lle d  a t  l e a s t  p a r t ia l l y
19.
toy th e  g iv in g  o f  e x t r a c t s  o f  ad ren a l c o r t e x .
In  th e  r a t ,  hypophysect©my ca u ses  a trophy o f  th e  p an creas  
v h ich  i s  p a r t i a l l y  p reven ted  by th e  a d m in is tr a t io n  o f  
c o r t i s o n e .  (T hese e f f e c t s  are n o t s p e c i f i c  in  tj |e  p a n crea s , 
fo r  s im ila r  changes occu r in  th e  p e p t ic  c e l l s  o f  th e  g a s t r ic  
mucosa and in  o th e r  organs (B ak er, 1 9 5 5 ) ) .  I t  would seem  
l i k e l y  th a t  th e  p a n crea s , l ik e  m ost o f th e  en d ocrin e  g la n d s , 
has a s e c r e to r y  c e n tr e  in  th e  drencephalen  s u b je c t  to  
in f lu e n c e  by th e autonom ic n ervous system , th e  h yp oph ysis  
and th e  c e r e b r a l c o f t e x  (im b r ia n o , 1 9 5 8 ). The c l i n i c a l  
f in d in g  th a t  s ig n i f i c a n t  r i s e s  in  th e serum am ylase occu r  in  
about 20 p er  cen t o f  p a t ie n t s  w ith  c e r e b r a l trauma (S m o lik , 
Nash and N in e c u r t, 1953) may v e i l  be due to  d istu rb a n ce  o f  
t h i s  c e n tr e .
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2 . BIOCHEMICAL METHODS USED IN SERUM AMYLASE ESTIMATIONS
V ariou s b io ch em ica l m ethods have been e v o lv e d  fo r  th e  
q u a n t i t a t iv e  e s t im a t io n  o f  th e  am ylase c o n te n t  o f  b lood* For 
th e  m ost p a r t th ey  c o n s i s t  o f  in cu b a tio n  o f  serum w ith  a 
s ta r c h  su b s tr a te  and a measurement o f th e  ch em ica l o r  p h y s ic a l  
p r o p e r t ie s  o f  th e  d egrad ation  p r o d u c ts . When s ta r c h  i s  
h y d ro ly sed  by th e enzyme am ylase th ere  i s  a random a tta c k  upon 
th e p o ly sa c c h a r id e  ch a in  y ie ld in g  hexose u n i t s  o f  v a r y in g  
le n g th s  and t h i s  i s  accom panied by th e  fo l lo w in g  th r e e  e a s i l y  
dem onstrable phenomena:
i .  " d e x t r in iz a t io n ," w ith  changes in  th e  co lo u r  
form ation  w ith  io d in e ;
i i .  ”s a c c h a r i f i c a t io n ,” i . e .  th e  p ro d u ctio n  o f  
ferm en tab le  su g a rs;
i i i .  " l iq u e f a c t io n ,” i . e .  d ecrea se  in  v i s c o s i t y .
A ll  th e s e  phenomena have been u sed  fo r  th e  measurement o f  th e  
am ylase •
i .  Iod om etric  M ethod. T h is method depends upon th e  
f a c t  th a t  s ta rch  g iv e s  a b lu e co lo u r  vh ich  i s  n o t shared  by 
i t s  d egrad ation  p r o d u c ts . T h is i s  th e  b a s is  o f  th e  methods 
d eveloped  or m o d ified  by R oberts (1 8 8 1 );  Wohlgemuth (1 9 0 8 );  
Somogyi -  Iod om etric  (1 9 3 8 );  Comfort and O sterb erg  (1 9 4 0 );  
and o th e r s .
i i .  SA ccharogenic M ethod. T his method i s  dependent 
upon th e  accum ulation  o f  sugar a s  shown by th e  d eterm in a tio n  
o f  th e  amount o f  copper red u c tio n  a f t e r  a g iv e n  p er io d  o f  
h y d r o ly s is .  I t  has been d evelop ed  by Sherman e t  a l  (1 9 1 0 );  
Myers and K i l l ia n  (1 9 1 7 );  Somogyi -  S acch arogen ic  (1 9 3 8 ) ;  
and o t h e r s .
i i i .  V isco m etr ic  M ethod. N orthrop and Hussey (1 9 2 3 )  
co n ce iv ed  th e  id e a  o f  m easuring th e  v i s c o s i t y  o f  s o lu t io n s  
c o n ta in in g  enzymes ( t r y p s in ,  p e p s in )  du rin g  th e  p e r io d  o f  
a c t io n  o f  th e  enzymes and th ey  found th a t  th e  change in  th e  
v i s c o s i t y  o f  th e  su b stan ce  was p r o p o r tio n a l to  th e  amount o f  
enzyme in  th e  s o lu t io n .  D avidson (1925 ) m o d ified  t h i s  
tech n iq u e  to  determ ine serum am ylase and t h i s  was fu r th e r  
d eveloped  by Elman and McCaughan (1 9 2 7 ) .  These workers 
cla im ed  th a t  th ere  were t h e o r e t i c a l  o b je c t io n s  to  th e  p r e v io u s  
two methods in  th a t  w ith  th e random a tta c k  o f  th e  enzyme upon 
s ta r c h , sugar may occu r b e fo re  a l l  th e  s ta r c h  has d isa p p ea red ;  
c o n v e r se ly  th e  am ylase may h y d ro ly se  a l l  th e  s ta r c h  to  d e x tr in  
b efo re  any sugar a p p ears . They b e lie v e d  th a t  th e  v is c e m e tr ic  
methods d id  n o t have th e se  d isa d v a n ta g e s .
D ozzi (1 9 4 0 ) r e -e v a lu a te d  th e  methods and found th e  
sa cch a ro g en ic  method to  be th e  m ost r e l i a b l e .  In  th e  
fo l lo w in g  s t u d ie s ,  Som ogyi's Iod om etr ic  Method has been chosen  
as th e  method fo r  th e  r o u tin e  in v e s t ig a t io n s  on account o f  i t s  
speed and s im p l ic i t y .  Where more accuracy was r e q u ir e d , as  
in  th e  ex p er im en ta l work, a s l i g h t l y  m o d ifie d  Som ogyi's  
S acch arogen ic  Method has been u se d .
(a )  Som ogyi's Iod om etric  Method (1 9 3 8 ) .
The tim e req u ired  fo r  com plete d ig e s t io n  o f  a f ix e d  amount
o f  s ta r c h  (4  m l . .s t a r c h  s o lu t io n  c o n ta in in g  3 mg. s ta r c h )  when 
oin cu b ated  a t  37 C. w ith  a c e r ta in  amount o f  serum or f l u i d  was 
determ ined  by p e r io d ic  t e s t i n g  w ith  io d in e .  As d ig e s t io n  
proceeded  th e  b lu e co lo u r  d im in ish ed  to  be g r a d u a lly  rep la ced  
by th e  red-brown co lo u r  o f e r y th r o d e x tr in . The end p o in t  was 
reached when th ere  was no lo n g er  any tr a c e  o f  b lue and a c le a r  
red-brown co lo u r  p r e v a i le d .  The specim en wqs view ed in  
tr a n sm itte d  l i g h t ,  th e  standard  sou rce b e in g  a 100 w att p e a r l  
e l e c t r i c  bulb in  a m icroscope lamp h o ld er  w ith  th e  window 
reduced to  a narrow s l i t .
I t  was shown by H uggins and R u ss e ll (1 9 4 8 ) th a t  n o t over  
45 per cen t o f  th e  su b s tr a te  sh ou ld  be h y d ro lysed  in  th e  
r e a c t io n  i f  c o r r e c t  v a lu e s  were to  be o b ta in e d . On t h i s
a cco u n t, when th e  r ea d in g  was l e s s  than fo u r  m in u tes , th e  serum 
was d i lu t e d  to  g iv e  a v a lu e  o f  four m inutes or  over*
The r e s u l t  was c a lc u la te d  u s in g  th e form ulas
Serum am ylase ( u n i t s  p er  100 m l*) -  7 -——t  x v
where t  = tim e req u ired  f o r  d ig e s t io n  in  m in u tes;  
v  = volume o f  serum in  th e  m ix tu re ;  
k = 1600.
Mk" i s  an a r b itr a r y  c o n sta n t which Somogyi u sed  to  b r in g  h i s  
r e s u l t s  by th e  io d o m etr ic  method in to  l i n e  w ith  th o se  o b ta in ed  
by th e  sa cch a ro g en ic  m ethod.
Van Loon, L ik in s  and S eger (1 9 5 2 ) d e sc r ib e d  an e l e c t r i c  
p h otom etr ic  method f o r  e s t im a t in g  th e  change in  th e  b lu e  s ta r c h  
to  io d in e  c o lo u r . T h is method was t r i e d ,  a s  i t  was hoped th a t  
th e e l im in a t io n  o f  e r r o r  due to  th e  in d iv id u a l v a r ia t io n  in  
co lo u r  a p p r e c ia tio n  would in c r e a s e  th e  accu racy  o f  th e  r e s u l t s .  
I t  was found ra th er  com p lica ted  f o r  r o u tin e  u s e ,  but was found  
to  be o f  v a lu e  when th e  serum was i c t e r i c .
(b ) Som ogyi’ s Sacch arogen ic  Method (1 9 3 8 )
T his was th e method o f  c h o ic e  in  th e  exp er im en ta l work.
I t  was perform ed as d escr ib ed  by Somogyi (1 9 3 8 ) ,  ex c e p t f o r  th e  
use o f  d i f f e r e n t  p r o te in  p r e c ip it a n t s  as su g g este d  by T a llu to
(1 9 5 4 ) , v i z . :
At th e  end o f  th e  30 m inute p e r io d  o f  in c u b a tio n  o f  
serum and starch -sod iura c h lo r id e  s o lu t io n ,  th e  
en zym atic  p r o c e ss  was a r r e s te d  by th e  a d d it io n  o f  
1 m l. 2 /3  N su lp h u r ic  a c id  and 1 m l. 10 p er  c e n t  
sodium tu n g s ta te ,  in s te a d  o f  1 m l. 5 p er  c e n t copper  
su lp h a te  and 1 m l. 6 p er  c e n t sodium tu n g s ta te  as  
o r i g in a l ly  recommended. U sin g  t h i s  m o d if ic a t io n ,  
th e  subsequent f i l t r a t i o n  i s  more rap id  and th e  
f i l t r a t e  i s  c l e a r e r .
U sin g  t h i s  sa cch a ro g en ic  m ethod, Somogyi d e fin e d  h i s  u n it  
o f  am ylase a c t i v i t y  as "the am ylase co n ten t o f  100 m l. serum 
or f l u i d  w hich, a c t in g  on a s ta r c h  s u b s tr a te ,  r e le a s e s  r e a c t io n  
p ro d u cts  which have th e  red u cin g  power e q u iv a le n t  to  1 mg. 
g lu c o s e ."
When e s t im a t io n s  were perform ed in  d u p lic a te  u s in g  th e s e  
two m ethods, i t  q u ic k ly  became apparent th a t  th e r e  was a 
c o n s id e r a b le  d iscrep a n cy  between th e r e s u l t s ,  th e  v a lu e s  
o b ta in ed  by th e io d o m etr ic  method b e in g  about fo u r  tim e s  h ig h er  
than th o se  o b ta in ed  by th e  sa cch a ro g en ic  m ethod. To 
d is t in g u is h  between th e s e  d i f f e r e n t  u n it  v a lu e s ,  th e  form er  
w i l l  be r e fe r r e d  to  throughout t h i s  t h e s i s  as " iod om etric  u n its"  
and th e  l a t t e r  a s  "Somogyi u n its"  or "mg. g lu c o se  p er c e n t ."
3 . SERUM AMYLASE IN HEALTHY HUMANS
E a rly  in  th e  cou rse  o f  t h i s  in v e s t ig a t io n  i t  was 
a p p r e c ia te d  th a t  th e  r e s u l t s  o b ta in ed  here by Som ogyi1s  
io d o m etr ic  method (1 9 3 8 ) were n o t comparable w ith  th o se  
o b ta in ed  in  h is  la b o r a to r y . I th e r e fo r e  e s t a b l is h e d  my own 
standard  o f  n o rm a lity  u s in g  th e  serum am ylase r e s u l t s  found in  
100 h e a lth y  p e r so n s . Blood sam ples were tak en  from b lood  
donors and from p a t ie n t s  w ith o u t sy stem ic  d is e a s e  or  any 
c o n d it io n  l i a b l e  to  a f f e c t  th e  serum am ylase l e v e l ,  f o r  exam ple, 
th o se  w ith  h e r n ia e , v a r ic o s e  v e in s  and s im ila r  c o n d it io n s*
A sm all study was a ls o  c a r r ie d  ou t on v a r ia t io n s  in  th e  
am ylase co n ten t o f th e  b lood  o ccu rr in g  d u rin g  th e  day or  du rin g  
s u c c e s s iv e  d ays. In  th e se  in v e s t ig a t io n s  th e  sa cch a ro g en ic  
method was u sed , as i t  was b e lie v e d  to  be more a c c u r a te . These 
measurem ents were c a r r ie d  ou t on m y se lf  and on c o -o p e r a t in g  
m ed ica l c o l le a g u e s ,  w h ile  we were f u l l y  engaged on our normal 
d u tie s*  The r e s u l t s  found th e r e fo r e  are n o t n e c e s s a r i ly  th o se  
which would be o b ta in ed  i f  th e se  exp erim en ts had been c a r r ie d  
o u t under b a sa l p h y s io lo g ic a l  c o n d it io n s .
(a )  B lood L e v e ls  in  100 C o n tr o ls  (T able  i )
The range i s  133-320 io d o m etr ic  u n i t s ,  w ith  a mean o f  204 
io d o m etr ic  u n i t s  and a standard d e v ia t io n  o f  50 io d o m etr ic  
u n i t s .  This  range i s  s im i la r  to  th a t  o b ta in e d  by Comfort and 
O sterb erg  (1 9 4 0 )  and Candel and Wheelock ( 1 9 4 6 ) .  When th e s e  
100 c a s e s  were a n a ly sed  in  term s o f  se x  and a g e ,  no s i g n i f i c a n t  
v a r i a t i o n  in  serum amylase was found to  occu r w ith  e i t h e r  se x  
or a g e .
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SACCHAROGENIC UNITS
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(b )  Day to  Day V a r ia t io n s
Repeat rea d in g s  o f  th e  serum amylase l e v e l s  on f i v e  
s u c c e s s iv e  days were m^de on two s u b j e c t s .  Each day th e  
blood  was taken o f f  between 9 .0 0  a.m. and 9 .3 0  a.m. and 
s to r e d  in  the r e f r i g e r a t o r  u n t i l  t e s t e d  w ith in  th e  n e x t  
few h ou rs .
Table I I . Comparison o f  R e s u l t s  on S u c c e s s iv e  Days
Person
D A Y S
• Mean Range S.D .
1 2 3 4 5
D.W.S. 73 50 42 58 58 56 4 2 -7 8 1 0 .3
J .R .K . 74 84 74 58 71 72 58-84 9 .5
I t  w i l l  be observed  th a t  w ith  each s u b je c t  s im i la r  
v a lu e s  were ob ta in ed  on th ree  out o f  f i v e  d a y s .  On the  
rem aining two days th ere  were d iv er g en ces  o f  12-17 u n i t s  
both above and below the  mean v a lu e  over the f i v e  days in  
each c a s e .  I t  i s  b e l ie v e d  th a t  th e s e  d iv er g en ces  are  
g r e a te r  than can be accounted f o r  by experim enta l e rr o r  and 
th a t  th ey  rep re se n t  p h y s io lo g ic a l  v a r i a t i o n s  in response to  
s t i l l  u n r e c o g n is e d  s t i m u l i .
28
( e )  D iu rn a l V a r ia t io n s
P o l  louring th e  f in d in g  o f  d a i l y  in c o n s ta n c y ,  th e  m atter  
was pursued fu r th e r  to  f in d  whether th e  am ylase c o n te n t  o f  the  
blood  s i g n i f i c a n t l y  v a r ie d  from hour to  hour. Specimens o f  
blood  were withdrawn a t  i n t e r v a l s  throughout th e  day in  fou r  
h e a lth y  s u b j e c t s  and in  one of th e s e  ( D . W . S . )  th e  t e s t  was 
rep ea ted  a f t e r  an i n t e r v a l  o f  s i x  w eeks. The r e s u l t s
ob ta in ed  are g iv e n  in  Table I I I .  Two r e p r e s e n t a t iv e  examples  
are shown in  the  accompanying graph (Fig* l )*




8 . 9 • 10 . 11 . 12 . 1 . 2 . 3 . 4 . 5 . 6 . 7 . 8 . 9 Range Mean
N. G. 55 42 61 58 42-58 54
V. McQ. 90 96 90 102 74 74-102 90
J . A. H. 92 38 55 55 98-55 54
D .V .S.(l) 26 14 55 48 44 54 14-55 40
D.W.S. (2) 26 41 — 48 55 29 26-55 40
28 a
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The f i r s t  example ( j .A . H . )  shows a v ery  c o n s ta n t  b lood  
l e v e l  over  th e  e i g h t  hours between 8*00 a.m. and 9 p.m. In  
th e  second example (D .W .S.) w ider v a r i a t i o n s  are apparent and 
t h i s  p a t te r n  i s  c l o s e l y  rep ea ted  in  the  second s e r i e s  o f  t e s t s * <
As th e  p a t te r n  o f  the  d iu r n a l  v a r i a t i o n s  shown in  t h i s  
second example resem b les  th a t  o c c u r r in g  in  th e  e o s i n o p h i l s  in  
the p e r ip h e r a l  b lood  and in  th e  1 7 -h y d r o x y c o r t ie o s te r o id s  
p r e s e n t  in  the blood and u r in e  (Doe, F l in k  and F l in k ,  19 5 4 ) ,  
i t  was su sp ec ted  th a t  serum amylase l e v e l s  might be r e f l e c t i n g  
v a r i a t i o n s  in  a d r e n o - c o r t i c a l  a c t i v i t y .  F u rth er  support f o r  
t h i s  v iew  appeared to  come from the  f a c t  t h a t  I  found abnormally  
high  serum amylase l e v e l s  in  women who had had b i l a t e r a l  
adrenalectom y f o r  b r e a s t  carcinoma and who were on m aintenance  
d o ses  o f  c o r t i s o n e .  However, the  same g en era l p a tte r n  in  the  
amylase co n ten t  o f  the  blood was found in  o th e r  v o lu n te e r s  but 
e o s in o p h i l  counts o f  the  b lood  taken  a t  the same time showed 
no c l o s e  c o r r e l a t i o n .  In o th e r  exp erim ents  (which are n o t  
d e t a i l e d  h ere )  n e i t h e r  a d r e n o c o r t ic o tr o p h ic  hormone, g iven  as  
in  th e  Thom T est (Thorn e t  a l . ,  1948) nor c o r t i s o n e  100-150  
mg. o r a l l y  had any c o n s i s t e n t  or s i g n i f i c a n t  e f f e c t  upon th e  
serum amylase l e v e l s .  These p re l im in a ry  attem p ts  on my p a r t  to  
c o r r e la t e  amylase l e v e l s  in  the  blood w ith  a d r e n o c o r t ic a l  
a c t i v i t y  are in c o n c lu s iv e  and th e  su b je c t  r e q u ir e s  fu r th e r  
i n v e s t i g a t i o n .
30.
C onclu sion s
1. In  t h i s  la b o ra to ry  th e  serum amylase measurements in  100 
h e a lth y  c o n tr o ls  ranged from 133 to  320 io d o m etr ic  u n i t s ,
w ith  an a r i th m e t ic  mean o f  204 io d o m etr ic  u n i t s  and aw i t  a
standard  d e v ia t io n  o f  50 io d o m etr ic  u n i t s .
2 . While th e  l e v e l  o f  th e  amylase in  the b lood  o f  an in d iv id u a l  
u s u a l ly  remained f a i r l y  c o n s ta n t ,  d iv e r g e n c e s  o f  as much
as 65 per c en t  from the  mean took  p la c e  from day to  day,  
or from hour to  hour. These f l u c t u a t i o n s  were more 
apparent i n  some p erson s  than o th e r s  but a l l  d e v ia t io n s  
were w ith in  norm il l i m i t s  f o r  h e a l t h .
31.
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S E R U M  A M Y L A S E  I N  A C U T E
P A N C R E A T I T I S  A N D  O T H E R
A C U T E  A B D O M I N A L  D I S E A S E
ACUTE PANCREATITIS
( a )  The B a s is  o f  D ia g n o s is
(b )  The M a te r ia l  P resen ted
( c )  Serum Amylase L ev e ls  Found in  Acute P a n c r e a t i t i i
(d )  The I n c id en ce  o f  Acute P a n c r e a t i t i s
( e )  D ise a s e  o f  the  B i l i a r y  T ract and Jaundice  
in  Acute P a n c r e a t i t i s
( f )  Treatment o f  Acute P a n c r e a t i t i s
(g )  The Acute R elapse
(h )  The M o r ta l i ty  R ate , w ith  S p e c ia l  R eference  to  
N o n -o p era t iv e  Treatment
OTHER ACUTE ABDOMINAL CONDITIONS
( a )  Acute D ise a se  o f  the B i l i a r y  T ract
(b )  P e r fo r a te d  P e p t ic  U lcer
( c )  Acute A p p e n d ic i t i s
(d )  Other C on d it ion s
DISCUSSION
1. ACUTE PANCREATITIS
F i t z  in  1889 s tu d ie d  in  d e t a i l  the  d ia g n o s i s  o f  acu te  
p a n c r e a t i t i s  and reached th e  c o n c lu s io n  th a t  "acute  
inflam m ation  o f  th e  pancreas  i s  both  a w e l l - c h a r a c t e r i s e d  
d is e a s e  and one which i s  much more freq u en t  than i s  g e n e r a l ly  
th ou ght • • # .  and i t  has been r e p e a te d ly  confounded w ith  acu te  
i n t e s t i n a l  o b s tr u c t io n  and has thus le d ,  in  s e v e r a l  i n s t a n c e s ,  
to  an i n e f f e c t i v e  laparotomy#"
I t  was however n o t  u n t i l  s e v e r a l  decad es l a t e r  t h a t  
bioch em ica l methods f o r  th e  measurement o f  e x c e s s iv e  amounts 
o f  p a n c r e a t ic  enzymes in  the  u r in e  and b lood  were e v o lv e d  and 
attem p ts  a t  e v a lu a t io n  made. I t  then appeared th a t  by th e  
development o f  t h e s e  methods d ia g n o s is  m ight be ach iev ed  w ith  
a p r e c i s i o n  which p r e v io u s ly  cou ld  be reached on ly  by laparotomy#  
In a d d it io n  th e s e  b ioch em ica l methods were in s tru m en ta l in  
making p o s s i b l e  th e  wider r e c o g n i t io n  o f  a m ild  form o f  acu te  
p a n c r e a t i t i s #  This acu te  oedematous p a n c r e a t i t i s  o f  acu te  
i n t e r s t i t i a l  p a n c r e a t i t i s  was f i r s t  rec o g n ise d  as a c l i n i c a l  
e n t i t y  by Z o e p ffe l  in  1922. In 1933, Elman comments upon i t s  
freq u en cy  as o c c u r r in g  th ree  t im es  more o f t e n  than acu te  
haemorrhagic or n e c r o t i c  p a n c r e a t i t i s  — a much more s e r io u s  and 
l e t h a l  co n d it io n #
The d i f f e r e n t i a t i o n ,  on c l i n i c a l  grounds a lo n e ,  between  
th e  two ty p e s  o f  d i s e a s e  may be v ery  d i f f i c u l t  and indeed  
im p o ss ib le#  S ta r r  (1955 )  has su g g este d  th a t  in  acu te  
oedematous p a n c r e a t i t i s ,  where th e  p a t h o lo g ic a l  changes are  
due m ain ly  to  an ou tp our in g  o f  s u b s tr a te  in to  th e  g land i t s e l f ,  
the c l i n i c a l  f e a t u r e s  are th o se  o f  an in t r a - p a n e r e a t i c  c o n d i t io n ,  
namely pa in  in  th e  hypochondrium or ep ig a s tr iu m  and te n d e r n e s s  
over  th e  p a n crea s ,  e s p e c i a l l y  th e  t a i l #  In acu te  haemorrhagic  
p a n c r e a t i t i s ,  on th e  o th e r  hand, th ere  i s  a l s o  e x tr a p a n c r e a t ic  
p ath o lo g y  w ith  shock , pain  in  th e  i l i a c  f o s s a e  and i l e u s  
p r e s e n t in g  as c l i n i c a l  f e a t u r e s .
I t  has now been r e c o g n ise d  th a t  in  f a c t  many c a s e s  o f  
acu te  p a n c r e a t i t i s  which appear s u p e r f i c i a l l y  on laparotomy to  
be o f  th e  oedematous ty p e ,  have m acroscopic or  m icr o sc o p ic  
ev id en ce  of haemorrhage or n e c r o s i s  w ith in  th e  gland su b s ta n c e .
On p a t h o lo g ic a l  as  w e l l  as  on c l i n i c a l  grounds, t h e r e f o r e ,  th e  
d i f f e r e n t i a t i o n  between th e  two ty p e s  i s  o f t e n  n o t  c l e a r - c u t .
( a ) The B a s is  o f  D ia g n o s i s .
In  a r r iv in g  a t  a d ia g n o s is  o f  acu te  p a n c r e a t i t i s ,  I have 
chosen to  regard  as  s i g n i f i c a n t  th e  p resen ce  o f  ( i )  c l i n i c a l  
f e a t u r e s  c h a r a c t e r i s t i c  or s u g g e s t iv e  o f  th e  d i s e a s e ,  support­
ed by ( i i )  s i g n i f i c a n t  e l e v a t i o n  o f  th e  serum amylase a n d /or  
( i i i )  th e  appearance o f  the  p an creas  and peritoneum  a t  
laparotom y.
( i )  C l i n i c a l  F e a tu r e s . In i t s  c h a r a c t e r i s t i c  form acu te  
p a n c r e a t i t i s  p r e s e n t s  as  a sudden abdominal emergency, o f t e n  
alarm ing in  i t s  i n t e n s i t y .  The o n s e t  i s  sudden w ith  se v e r e  
e p i g a s t r i c  pa in  which r a d ia t e s  t r a n s v e r s e ly  a c r o s s  th e  abdomen 
and in t o  th e  l e f t  f la n k .  There i s  r e t c h in g ,  v o m it in g ,  
c y a n o s is ,  shock , e p i g a s t r i c  t e n d e r n e s s ,  but th ere  i s  s u r p r i s in g ly  
l i t t l e  abdominal r i g i d i t y .  As th e  d i s e a s e  p r o g r e s s e s ,  
in c r e a s in g  abdominal d i s t e n s io n  i s  o f t e n  a f e a tu r e  and a sco u t  
f i lm  o f  th e  abdomen a t  t h i s  s ta g e  o f t e n  shows i l e u s  o f  a segment 
o f  bowel a d ja cen t to  the  "inflamed" p an creas .
With in cr ea se d  a p p r e c ia t io n  o f  the many p o s s i b l e  v a r i a t i o n s  
in  th e  u n d e r ly in g  p a t h o lo g ic a l  p r o c e s s ,  came th e  r e c o g n i t io n  
th a t  c l i n i c a l  p a t te r n s  o th er  than the above " c h a r a c t e r i s t i c "  
form do o ccu r .  Paxton and Payne (1948) have u s e f u l l y  graded  
th e  d i s e a s e  in to  f i v e  c l i n i c a l  ty p e s  a cco rd in g  to  s e v e r i t y ,
predominant f e a t u r e s ,  and s i m i l a r i t y  to  e t h e r  d is e a s e s *  
B r i e f l y ,  th e  f i v e  ty p e s  are as  fo l lo w s *
Type I . S im u la t in g  p e r fo r a te d  p e p t i c  u lc e r  
w ith  acu te  c a ta s t r o p h ic  o n se t*
Type I I . S im u la t in g  c h o l e c y s t i t i s  (w ith  or  
w ith o u t  jaun dice*
Type I I I . S im u la t in g  i n t e s t i n a l  o b s tr u c t io n *
Type IV. S im u la t in g  acu te  a lc o h o l is m  w ith  
g a s t r i t i s .
Type V. E p ig a s t r ic  mass (p se u d o c y s t )  w ith  
h i s t o r y  o f  abdominal pa in  s e v e r a l  
weeks b e fo r e .
P seu d o cy st  form ation  and suppuration  are l a t e  s ig n s  o f  
acu te  p a n c r e a t i t i s .  A lso  o c c u r r in g  l a t e r ,  seldom b e fo r e  th e  
t h ir d  or fo u r th  day o f  th e  i l l n e s s  ( C a t t e l l  and Warren, 1953)  
and r a r e ly  (Cadman, 19 5 8 ) ,  are s ig n s  o f  r e t r o p e r i t o n e a l  
haemorrhage -  e x tr a v a s a te d  blood s u r fa c in g  a t  the  u m b il ic u s  
( C u l l e n ' s  S ign )  or appearing in  the  f la n k s  (Grey T urner's  S ign)*
( i i )  E le v a te d  Serum Am ylase* I t  i s  apparent from the  
l i t e r a t u r e  th a t  mere e l e v a t io n  o f  the serum amylase above the  
normal range i s  i n s u f f i c i e n t  ev id en ce  o f  a cu te  p a n c r e a t i t i s *  
Bockus and E a ffen sp erg er  (1948 )  su ggested  th a t  a serum amylase  
l e v e l  f i v e  tim es  the upper l i m i t  o f  normal might r e p r e se n t  a 
l e v e l  above which acute  p a n c r e a t i t i s  could  be d iagnosed  w ith  
rea so n a b le  confid en ce*  I have t e n t a t i v e l y  accepted  a serum
amylase l e v e l  ©f f i v e  t im es  th e  upper l i m i t  o f  normal 
(1 ,6 0 0  io d o m etr ic  u n i t s  in  our la b o r a to r y )  a s  a l e v e l  which  
s t r o n g ly  supported a d ia g n o s is  o f  acute  p a n c r e a t i t i s *
( i i i )  Appearance a t  Laparotomy* At laparotom y,  
d ia g n o s i s  may be made on ( l )  th e  appearance o f  the  pan creas  
and p e r ip a n c r e a t ic  t i s s u e ,  ( 2 ) th e  p resen ce  o f  f a t  n e c r o s i s  
or ( 3 )  th e  nature o f  the  p e r i t o n e a l  exudate*
( 1 ) .  In the i n t e r s t i t i a l  form o f  acu te  p a n c r e a t i t i s ,
the  g la n d ,  in  p a r t  or in  w hole, shows p a l l o r ,  s w e l l in g  and 
g la s s y  in d u ra tion *  The lo b u la t io n  may appear more prominent  
than u s u a l  and, i f  th e  o v e r ly in g  peritoneum  i s  e l e v a te d  w ith  
f l u i d ,  th e  edges o f  th e  gland may be i l l - d e f i n e d *  When th ere  
has been e a r ly  m assive  haemorrhage, the gle,nd may p r e s e n t  as a 
la r g e  r e t r o p e r i t o n e a l  haematoma. U su a l ly  a rea s  o f  oedema, 
n e c r o s i s  and haemorrhage are s c a t t e r e d  i r r e g u la r l y  throughout  
th e  in v o lv e d  p o r t io n .  G rey-black areas  o f  n e c r o s i s  may 
in v o lv e  the whole or major p a r t  o f  the  gland or appear as  
s p o t ty  areas  with in te r v e n in g  normal or oedematous p a n c r e a t ic  
t i s s u e *  In l a t e r  s ta g e s  th ere  may be l i q u e f a c t i o n  or c y s t
form ation  in  the n e c r o t i c  reg ion s*
( 2 ) .  The presen ce  o f  f a t  n e c r o s i s  w ith in  an abdomen i s  
ev id en ce  o f  acute  p a n c r e a t ic  d is e a s e *  I t  appears as hard 
w h i t i s h - y e l lo w  n o d u le s  surrounded by . i in flam m atory h a lo e s
and i s  u s u a l ly  most apparent on th e  su r fa c e  or  w ith in  th e  
p an creas  but areas  o f  f a t  n e c r o s i s  may a l s o  appear in  th e  
m esen tery ,  omentum or r e t r o p e r i t o n e a l  f a t .  R arely  th e r e  i s  
f a t  n e c r o s i s  o f  th e  su b p le u r a l and p e r i c a r d ia l  f a t ,  th e  l i p a s e  
ap p a ren tly  t r a v e l l i n g  a lo n g  the  lym phatic  pathways (p e r r y ,  19 4 7 ) .  
The a r e a s  o f  f a t  n e c r o s i s  may d isap p ear  s lo w ly  or  remain 
perm anently  as c a l c i f i e d  m em oria ls .  There i s  no c l o s e  r e l a t i o n  
between the  amount o f  f a t  n e c r o s i s  p r e s e n t  and th e  s e v e r i t y  o f  
the p a n c r e a t ic  damage.
( 3 ) .  In haemorrhagic p a n c r e a t i t i s  th e r e  i s  a haemorrhagic  
( •’p r u n e - ju ic e " )  exudate o f  h igh  amylase c o n te n t .  This i s  
regarded by some as pathognomic o f  the c o n d it io n  (K e i th ,
Z o l l in g e r  and McCleery, 1950) and abdominal p a r a c e n t e s i s  has  
been advocated  as  a s a f e r  a l t e r n a t i v e  t© d ia g n o s t i c  laparotomy  
(Moretz and E r ick so n ,  1954; P f e f f e r ,  M ixter  and H inton , 1 9 5 8 ) .
(b )  M a te r ia l  P r e s e n te d .
The m a te r ia l  p r e se n te d  c o n s i s t s  o f  23 c a s e s  o f  acu te  
p a n c r e a t i t i s ,  adm itted  between 1954 and 1958. They comprise  
acu te  p a n c r e a t i t i s  (18  c a s e s ) ,  acu te  r e l a p s i n g  p a n c r e a t i t i s  
(3  c a s e s )  and s u b s id in g  p a n c r e a t i t i s  (2  c a s e s ) .
Included  under th e  f i r s t  head ing  are p a t i e n t s  adm itted  
when in  t h e i r  f i r s t  major a t t a c k ,  a lthough  in  many c a s e s  th e r e  
was a h i s t o r y  o f  re c u r r e n t  a t t a c k s  o f  d i g e s t i v e  u p se t  and 
upper abdominal pa in  e x te n d in g  over  s e v e r a l  y ears#
In  the th ree  c a s e s  in c lu d ed  under "acute r e la p s in g  
p a n c r e a t i t i s , "  th e r e  had been p r e v io u s  a t t a c k s  o f  se v e r e  p a in  
and in  two o f  the  c a s e s  p a n c r e a t i t i s  had been d iagnosed  a t  a 
p r e v io u s  laparotom y.
The two c a se s  o f  " su b s id in g  p a n c r e a t i t i s "  were adm itted  
a f t e r  recovery  from an acute  a t ta c k  o f  abdominal p a in  and 
p a n c r e a t i t i s  was d iagnosed  o n ly  a t  a subsequent laparotom y.
B r ie f  case  h i s t o r i e s  are in c lu d ed  in  Appendix B and t h e i r  
s a l i e n t  f e a t u r e s  are ta b u la te d  below (Table I V ) .
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TABLE TV. CASES OF ACUTE FANCREATTTIS 
A . Acii t  e Pan c re  a t  i t  i s
Mo. S e x Age P r o v i  s i  o n a l , D i a g n o s i s
Burn f i o n  
o f  P I P ' e s s J a u n d i  ce
B i l i  a r y
Pi  s e n s e Amyla se Op.
3. P 66 Cho l o d o  c h o —
1 i t h i f s i  S
10 d ay s Ye s Non- fun.  
Cr.B.
1 ,  600 ~
2 F 69 ? C o r .  Throra.
? P a n e r e e t i t i s
2 h r s , Mo C l . 4 , 0 0 0 -
3 F 56 J p v  n 4 i  c e 5 dnv.s Ye s f ] A  , 2 . 1 3 3 1 r t  e r
4 r 68 H J :  o  1 e O’47' s t  i t  i s 5 d a.y s Yes - 1,  600 -
5 F 27 P a n c r e a t  i t  i  s 48  h r s . Yes Cd. 1,  600 L a t e  r
6 F 55 Pan e r e  a t 1 t i  s 8 h r s . No - 1 , 6 0 0 -
7 F 58 Cho] e r y a t  i t  j s Few h r s . No ? 2 , 5 6 0 -
8 F 78 P a n e r e a t i t j s Few h r s . No ? 2 , 1 3 3 -
9 F 63 Pan c r e a t i  t i s 3 da y s No C l . 2 , 6 6 7 -
10 M 54 J a u n d i c e 4 d ay s Ye s Cc. 3 , 2 0 0 L a t e r
11 F 50 P a n c r e a t i t i  s 3 - 4  h r s . Mo - 1 , 6 0 0 -
12 F 70 P a n c r e a t i t i s 12 h r s . No C l . 2 , 1 3 3 -
13 F 59 Empyema, G.B. 12 h r s . No Cd. 1 , 6 0 0 + L a t e r
14 F 20 P a n c r e a t i  t i  s 4 8  h r s . No - 3 , 2 0 0 -
15 M 53 P e r f o r a t e d  PU 12 h r s . No - 1 , 6 0 0 + Immed-
16 F 63 C h o 1 e 1 i  t  h i  a s i  s Few h r s . No C l . 1 , 0 6 7 -
17 F 26 P e r f o r a t e d  PU 4 8  h r s . No - *  914 I mired „
18 M 32 P a n c r e a t i t i  s Few h r s . No C l . 4 . 5 7 1 T,ate r
Serum a m y la s e  l a v e !  t h e  n e x t  m o r n i n g .
Cc. 2 C h o l e c y s t i t i s  : C l .  = C h o l e l i t h i a s i s  : Cd. = C holedocho-
l i t h i a s i s
TABLE IV ( C o n t d . ) .
B. P a n c r e a t i t i s  ( i n  A c u t e  R e l a p s e )
No. Sex Age P r o v i  s i o n a l  D i a g n o s i s
D o r a t i  on 
o f  I l l n e s s J a u n d i c e
B i l i a r y  
Di s e a s e Amylase
Op.
19 F 69 R e l a p s i n g  
P a n c r e a t i t i  s
? No - 8 , 0 0 0
20 M 66 R e l a p s i n g  
P a n c r e a t i t i  s 12 h r s . No - 1 , 6 0 0
G a s t r ­
ectomy
10 5 6
21 F 68 R e l a p s i n g
P a n c r e a t i t i s 3 cl ay s No - 200
Cho1e-  
c y s t -  
e c t o  in’ 
1954
C. P a n c r e a t i t i s  ( S u b s i d i n g )
22 F 4 9 C h o l e c y s t i t i s ? No - 4 0 0 Yes
23 F 49 C h o l e c y s t i t i s ? No C l. 200 Ye s
( c )  The Serum Amylase in  Acute P a n c r e a t i t i s .
A . In  16 ou t o f  th e  18 c a s e s  adm itted  in  th e  i n i t i a l  
a t t a c k ,  serum amylase l e v e l s  ranged from 1 ,600  to  over  4 ,0 0 0  
io d o m etr ic  u n i t s  (T able  IV ) .  On some o c c a s io n s  i t  was 
c o n s id ered  s u f f i c i e n t  to  f in d  a l e v e l  o f  ”©ver 1 ,600  iod om etr ic  
u n i t s ” and to  record  i t  as  su ch . Most o f  th e s e  p a t i e n t s  were 
adm itted  to  h o s p i t a l  w ith in  th e  f i r s t  two days o f  th e  acu te  
i l l n e s s  and a serum amylase l e v e l  was a c c o r d in g ly  o b ta in ed  
w ith in  the  f i r s t  48 hours o f  th e  i l l n e s s .  S ev era l  p a t i e n t s  
who had had acu te  symptoms f o r  a lo n g er  tim e b efo re  adm ission  
showed ev id e n c e  o f  concom itant acu te  b i l i a r y  t r a c t  d i s e a s e .  
Sometimes the pa in  had changed in  c h a r a c te r ,  becoming more 
s e v e r e ,  p e n e tr a t in g ,a n d  c o n s ta n t .  I t  i s  b e l i e v e d  th a t  a t  t h i s  
s ta g e  th e  symptoms of acute  p a n c r e a t i t i s  became superimposed  
upon th o se  of b i l i a r y  t r a c t  d i s e a s e .
The rem aining two c a se s  o f  acu te  p a n c r e a t i t i s  had l e v e l s  
o f  1 ,067  and 914 iod om etr ic  u n i t s .  They were:
Case 1 6 : Mrs. B. B . ,  aged 63 y e a r s .  Admitted
shocked w ith  sev ere  pain  in  ep ig a str iu m  and r ig h t  
hypochondrium, nausea and r e tc h in g  f o r  a few h ou rs .
Serum amylase on adm ission was 1 ,067 u n i t s  f a l l i n g  
a f t e r  24 hours to  267 u n i t s  and rea ch in g  178 u n i t s  
in  seven  d ays .  The c o n d it io n  s e t t l e d  r a p id ly .  A 
subsequent cho1angiogram showed no ev id en ce  o f  g a l l s t o n e s .
Case 1 7 1 Mrs* M. McL., aged 26 y e a r s .  Admitted  
a t  m idn ight w ith  e p i g a s t r i c  p a in  r a d ia t i n g  to  hack 
f o r  over  48 h o u rs .  Immediate laparotomy shewed 
haemorrhagic p a n c r e a t i t i s  w ith  f a t  n e c r o s i s  and a 
normal b i l i a r y  system . The serum amylase l e v e l  
th e  n e x t  morning was 914 u n i t s .
I t  i s  p o s s i b l e  th a t  the peak e l e v a t io n  was m issed  in  both  
th e s e  c a s e s .
B. Two o f th e  th r e e  c a s e s  w ith  acu te  r e la p s e  had serum 
amylase l e v e l s  over  1 ,600  u n i t s .  The t h ir d  case  (Case 21)  
had a low serum amylase l e v e l  (200  iod om etr ic  u n i t s )  on 
a d m iss io n .  At t h i s  tim e no g ly c o s u r ia  was observed  but 
re c u r r e n t  a t ta c k s  o f  pa in  con tin u ed  and w ith in  two y e a r s  a 
m oderately  sev ere  d ia b e te s  m e l l i t u s  had d ev e lo p e d .
I t  i s  p a r t i c u l a r l y  in  ch ron ic  r e la p s in g  p a n c r e a t i t i s ,  
where th e r e  i s  p r o g r e s s iv e  atrophy and f i b r o s i s  o f  th e  pancreas  
and in c r e a s in g  d y s fu n c t io n  both o f  i s l e t s  and a c i n i ,  t h a t  serum 
amylase e s t im a t io n s  are o f t e n  o f  l i t t l e  h e lp  in  the d ia g n o s i s .
C. The low serum amylase v a lu e s  (400 and 200 u n i t s )  in  
the  two c a s e s  adm itted  with su b s id in g  p a n c r e a t i t i s  i l l u s t r a t e  
th e  f a c t  th a t  in  p a n c r e a t i t i s  th e  serum amylase l e v e l  fr e q u e n t ­
ly  r e tu r n s  to  normal before  the subsid ence  o f  the  c l i n i c a l  
symptoms (Paxton and Payne, 1 9 4 8 ) .
In  a l l  th e s e  c a s e s  o f  a cu te  p a n c r e a t i t i s  seen  in  t h e i r  
i n i t i a l  a t t a c k ,  th e  serum amylase was c o n s id e r a b ly  e l e v a t e d  
above th e  normal ra n g e .  In 16 out o f  18 c a s e s  ( i . e .  88 per  
c en t  o f  c a s e s ) ,  v a lu e s  o f  f i v e  t im es  the upper l i m i t  o f  normal 
and over  ( i . e .  1 ,600  iod om etr ic  u n i t s  and o v er )  were o b ta in ed  
and in  th e  rem aining two c a s e s  th e  e l e v a t io n  was about th r e e  
t im es  normal (1 ,0 6 7  and 914 iod om etr ic  u n i t s ) .  With r e l a p s e s ,  
h igh  t r a n s i e n t  serum amylase l e v e l s  seem to  be u su a l  u n t i l  
th ere  i s  marked atrophy o f  th e  gland and the  c l i n i c a l  p ic tu r e  
becomes one o f  p r o g r e s s iv e  p a n c r e a t ic  i n s u f f i c i e n c y .
Some c a s e s  o f  acu te  p a n c r e a t i t i s  have been found to  have 
normal or subnormal v a lu e s  a t  tim e of  adm ission  to  h o s p i t a l .  
This may be due to  the  f a c t  th a t  in  the  uncom plicated  case  
hyperamylasaeraia i s  n o t  m ain ta in ed  and the serum amylase drops  
to  more normal l e v e l s  w ith in  24-48  hours, the  f a l l  b e in g  
b efo re  c l i n i c a l  subsidence  o f  th e  d i s e a s e .  In acute  t r a n s i e n t  
oedema o f th e  p anereq s , the  hyperamylasaemia may be p r e s e n t  
fo r  o n ly  a few h ou rs .  Elman (1 9 3 7 ) ,  Bockus and E a ffen sp e rg er  
( 1 9 4 8 ) ,  H e i f e t z  e t  a l .  (1941) and Malinowski (1962)  have each  
ex p ressed  the v iew  th a t  the serum amylase would always be 
found r a i s e d  in  acu te  p a n c r e a t i t i s  i f  the b lood  were examined  
e a r ly  enough.
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V alu es  as  h ig h  as  8 ,0 0 0  u n i t s  have been rep o rted  in  acu te  
p a n c r e a t i t i s  (Richman, 1956) and th e r e  i s  no apparent  
c o r r e la t io n  between the  s e v e r i t y  o f  th e  d i s e a s e  and the  degree  
o f  e l e v a t i o n .  Nor does a f a l l  in  the serum amylase a lw ays  
i n d ic a t e  r e c o v e r y .  O c c a s io n a l ly  in  th e  most sev ere  and l e t h a l  
a t t a c k s ,  th e  blood enzyme v a lu e s  f a l l  markedly due to  
d e s t r u c t io n  o f  the  s e c r e t i n g  e lem en ts  in  th e  panqreas or  to  the  
form ation  o f  a la r g e  p seu d o c y st  in t o  which a l l  th e  enzymes are  
drained  in s t e a d  o f  p a s s in g  in to  the  b lood stream .
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( d ) The In c id e n c e  o f  Acute P a n c r e a t i t i s .
These tw e n ty -th r e e  c a s e s  o f  p a n c r e a t i t i s  were adm itted  
in to  t h i s  s u r g ic a l  u n i t  over a p er io d  o f  3^ y e a r s .  In the  
f i r s t  y e a r  o f  i n v e s t i g a t i o n ,  when a s p e c ia l  a ttem pt was made 
to  measure the serum amylase l e v e l  in  a l l  a cu te  abdominal 
e m er g en c ie s ,  th ere  were e i g h t  c a s e s  o f  a cu te  p a n c r e a t i t i s  ou t  
o f  a t o t a l  o f  410 s u r g ic a l  c a s e s  adm itted  w ith  acu te  
abdominal symptoms. Thus p a n c r e a t i t i s  accounted  f o r  2 .0  per  
c en t  o f  acu te  abdominal em ergen cies  and 0 .2  p er  c e n t  o f  a l l  
s u r g ic a l  a d m iss io n s .
When the in c id e n c e  o f  acu te  p a n c r e a t i t i s  was compared 
w ith  t h a t  o f  o th er  acu te  abdominal c o n d it io n s  i t  was found,  
d urin g  the y ea r  s t u d ie d ,  th a t  p e r fo r a te d  p e p t ic  u lc e r  and 
acu te  a p p e n d ic i t i s  were r e s p e c t i v e l y  6 .4  and 26 t im es  commoner 
than acu te  p a n c r e a t i t i s .  A comparison between th e s e  f in d in g s  
and th o se  in  o th er  c e n tr e s  i s  g iven  below (T able  V ) .
The in c id e n c e  o f  acu te  p a n c r e a t i t i s  a cco r d in g  to  sex  and 
age conforms w ith  the  u sua l p a t te r n  found e lse w h e r e .  There 
was a wide age d i s t r i b u t i o n  ranging  from 26 to  70 y e a r s .  The 
eex  d i s t r i b u t i o n  here was 18 fem a le s  to  5 m a le s .  In the  
c o l l e c t e d  s e r i e s  p u b l ish e d ,  the sex  r a t io  v a r i e s  co n s id e r a b ly
and th e  ap p a ren tly  heavy preponderance o f  fem ale*  in  the  
p r e s e n t  few  c a s e s  must be a ccep ted  w ith  r e s e r v a t i o n .  A 
preponderant fem ale  in c id e n c e  has been rep o rted  by Paxton  
and Payne (1 9 4 8 ) ,  Morse and Achs (1 9 4 9 ) ,  S i l e r  and Wulsin  
(1 9 5 0 ) ,  F a l l i s  ( 1 9 5 1 ) ,  and Kaden and Howard ( 1 9 5 6 ) .  A h igh  
in c id e n c e  o f  c o - e x i s t e n t  b i l i a r y  t r a c t  d i s e a s e  i s  f r e q u e n t ly  
a s s o c ia t e d  w ith  a fem ale m ajor ity*
C a t t e l l  and Warren (19 5 3 )  and o th e r s  have rep orted  t h a t  
they  have found th e  d i s e a s e  to  be more common in  m ales and 
t h i s  s t a t e  o f  a f f a i r s  i s  sa id  to  e x i s t  p a r t i c u l a r l y  in  
h o s p i t a l s  th a t  have an u n u su a lly  h igh  p ro p o r t io n  o f  a l c o h o l i c s  
(Bockus and R a ffen sp erg e r ,  1 9 4 8 ) .  In t h i s  s e r i e s  a h i s t o r y  o f  
h a b itu a l  e x c e s s iv e  a lc o h o l  consumption was o b ta in ed  on o n ly  
two o c c a s io n s  — one p a t i e n t  was fem ale and th e  o th er  m ale .
B e l l  (1958)  combined data  from 14 c l i n i c a l  r e p o r ts  o f  
acu te  p a n c r e a t i t i s  to  g iv e  a t o t a l  o f  537 men and 768 women, 
i . e .  a comparative in c id e n c e  o f  3 women to  2 men*
TABLE V. Comparative In c id e n c e  o f  Acute P a n c r e a t i t i s
Author P a n c r e a t i t i s P e r fo r a t io n A p p e n d ic i t i s
T o ta l  Acute
Abdominal
Em ergencies
Elman (1 9 4 2 ) :  
S t .  L o u is ,  
U .S .A .
( 1 ) ( a ) ( 10) -
Groliman, Baum, 
Moss and 
Goodman ( l 9 5 l ) s  
S t .  L o u is ,  
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(1 4 ) -
Short ( 1 9 5 8 ) t 8 51 210 410
( 1 ) ( 6 .4 ) ( 20 )
In b ra ck ets  i s  the  r e l a t i v e  in c id e n c e  w ith  number o f  c a se s
o f  p a n c r e a t i t i s  ex p ressed  as u n i t y .
(e) Jaundice and Disease of the Biliary Tract in Acute
Pancreatitis
Jau n d ice  i s  p r e s e n t  in  about 25 per c e n t  o f  c a s e s  o f  
a cu te  p a n c r e a t i t i s  ( C a t t e l l  and Warren, 1 9 5 3 ) ,  o c c u r r in g  both  
in  th e  p resen ce  and absence o f  b i l i a r y  t r a c t  d is e a s e *  The 
appearance o f  ja u n d ice  and the freq u en t  p resen ce  in  acu te  
p a n c r e a t i t i s  of concom itant acu te  d is e a s e  o f  the  b i l i a r y  t r a c t  
may, s e p a r a t e ly  or t o g e t h e r ,  obscure th e  d ia g n o s is  and r a i s e  
problems in  th e  management of acu te  p a n c r e a t i t i s *  I t  i s  
a p p ro p r ia te  th e r e fo r e  a t  t h i s  s ta g e  to  look  in t o  th e  in c id e n c e  
o f  ja u n d ice  and o f  b i l i a r y  t r a c t  d i s e a s e  in  t h i s  s e r i e s  (T able  
V I) and, a f t e r  comparison w ith  th e  ex p er ien ce  o f  o t h e r s ,  to  
c o n s id e r  t h e i r  s i g n i f i c a n c e .
( i )  J a u n d ic e . On f i v e  o c c a s io n s ,  i . e .  2 1 .7  per c e n t  o f  
c a s e s ,  jau n d ice  was p r e se n t  on ad m iss io n . In  two c a s e s  (C ases  
4 and 3) subsequent laparotomy confirmed the  p resen ce  o f  a 
s tone  or s to n e s  in  th e  common b i l e  d u c t .  Case 3 was p a r t i c u l ­
a r ly  i n t e r e s t i n g  as n e i t h e r  o r a l  nor in tra v en o u s  p r e -o p e r a t iv e  
ch o lecystogram s showed any ev idence  of b i l i a r y  c a l c u l i  but a t  
laparotomy an o p e r a t iv e  cholangiogram showed t h a t  th ere  was a 
sm all s to n e  snugly  impacted in  the  ampullary reg io n  ( P i g .  2 ) .
A l a t e r  p o s t - o p e r a t iv e  cholangiogram showed th a t  in  t h i s  
case  th e r e  was a ’’common ch an nel” p e r m it t in g  b i l i a r y
TABLE VI. Cholelithiasis and Jaundice in Acute Pancreatitis
C h o l e l i t h i a s i s Jaundice T ota l
Absent P r e s e n t
P r e se n t  (confirm ed  a t  o p .) 3 2 5)
4  j 10 
1 )
P r e se n t  (x -r a y  o n ly ) 4 0
P re v io u s  ch o lecystec tom y  
f o r  c h o l e l i t h i a s i s
1 0
Absent (confirm ed  a t  o p . ) 4 1 5)
Absent (x -r a y  o n ly ) 4 2 a) 11
Not in v e s t ig a t e d 2 - 2
T o ta ls 18 5 S3
51.
Figure  2 .
Operative feholanfiogram R evea lin g  Ammillarv C a l c u l i . , , .
-f
r e f l u x  in t o  the p a n c r e a t ic  d u c t s .  In one ca se  (Case 10) no 
s to n e s  were found in  e i t h e r  th e  g a l l  b lad der  or  th e  b i l i a r y  
d u cts  a t  laparotomy and the o b s t r u c t iv e  ja u n d ice  p r e s e n t  was 
a t t r ib u t e d  to  th e  inflammatory s w e l l in g  o f  the  head o f  the  
p a n c r e a s .  In th e  two rem aining c a s e s  (C ases  1 and 5)  
d ia g n o s i s  o f  c h o l e l i t h i a s i s  was made on c l i n i c a l  grounds but  
r a d io lo g y  f a i l e d  to  confirm the  d ia g n o s is  and th e r e fo r e  in  th e  
absence o f  laparotomy th e  cause o f  jau n d ice  in  th e s e  c a s e s  
must remain in  doubt.
( i i )  D isea se  o f  the  B i l i a r y  T r a c t . In 9 out o f  th e  23 
c a s e s  o f  p a n c r e a t i t i s  th ere  was r a d io l o g ic a l  or o p e r a t iv e  
ev id e n c e  o f  g a l l s t o n e s .  One ca se  o f  r e la p s in g  p a n c r e a t i t i s  
had had a p rev io u s  ch o lecy stec to m y  f o r  c h o l e l i t h i a s i s .  I f  
t h i s  case  be in c lu d e d ,  then 41 p er  cen t o f  th e  c a s e s  o f  acu te  
p a n c r e a t i t i s  had ev id ence  o f  lo n g sta n d in g  b i l i a r y  t r a c t  d i s e a s e  
as  shown by the p resen ce  o f  g a l l s t o n e s .  I f  the  two c a s e s  in  
which c h o l e c y s t i t i s  was su sp ected  but which had no i n v e s t i g a t i o n s  
be in c lu d e d ,  then the in c id e n c e  i s  45 per c e n t .  In two e a s e s  
o n ly  were th ere  proved s to n e s  in  th e  common b i l e  d u c t .
( i i i )  D i s c u s s io n . The in c id e n c e  o f  jau n d ice  here  
corresponds with the f ig u r e  o f  25 per cen t  g iv e n  by K oster  and 
Kasman (1 9 3 4 ) ,  F a l l i s  (1939) and Richman ( 1 9 5 6 ) .  Frank
o b s t r u c t iv e  jau n d ice  may be due to  a s to n e  in  th e  common b i l e  
duct w ith  r e s u l t a n t  spasm and oedema or to  inflam m atory  
oedema o f  th e  head o f  the p a n crea s .  Often th e  i c t e r u s  i s  
n ot marked and the  cause i s  l e s s  o b v io u s .  In some c a s e s  
th ere  may be p a r t i a l  o b s tr u c t io n  to  the common b i l e  duct due 
to  oedema and acu te  ly m p h a d e n it is 5 in  o th e r  c a s e s  th e  i c t e r u s  
may be due to  e x c e s s  b i l e  p igm ents from m assive  r e t r o p e r i t o n e a l  
haemorrhage and n e c r o s i s .  I n fr e q u e n t ly  i t  may be due to  
h e p a t i t i s ,  a response o f  the l i v e r  to  the same n ox iou s  agent  
which produced the  p a n c r e a t i t i s  ( a lc o h o l  ?) or to  in c r e a se d  
c o n c e n tr a t io n  o f  p a n c r e a t ic  enzymes reach in g  th e  l i v e r  by the  
p o r t a l  v e in  (Richraan, 1 956 ) .  S c h i l l e r  (19 4 1 )  has rep o rted  
ev id e n c e  o f  f a t  n e c r o s i s  in  the l i v e r ,  a s c r ib in g  i t  to  r e f l u x  
o f  p a n c r e a t ic  j u i c e  in to  the  b i l i a r y  t r e e .  The performance  
o f  l i v e r  fu n c t io n  t e s t s  in  acu te  p a n c r e a t i t i s  has confirmed  
the  p resen ce  o f  im paired h e p a t ic  fu n c t io n  in  some c a s e s  
( C a t t e l l  and Warren, 1 953 ) .
Ivy  and Gibbs (1952 )  in  a rev iew  o f  th e  l i t e r a t u r e  found  
t h a t  th e  in c id e n c e  o f  c h o l e l i t h i a s i s  in  acu te  p a n c r e a t i t i s  
ranged in  th e  v a r io u s  s e r i e s  o f  c a se s  from 39-80  per  c e n t ,  
w ith  an average o f  55 per c e n t .  Kaden and Howard (19 5 6 )  
found th e  in c id e n c e  to  be 41 per cen t  and C a t t e l l  and Warren
(19 5 3 )  rep o rted  i t  as b e in g  between 50 and 75 p er  cent*  The 
f in d in g s  in  ray sm all s e r i e s  o f  a minimal in c id e n c e  o f  38 per  
c e n t ,  w ith  a probably  h igh er  p ercen ta g e  o f  c a s e s  w ith  c h o le ­
l i t h i a s i s  (due to  the l i m i t a t i o n s  o f  the standard  r a d i o l o g i c a l  
i n v e s t i g a t i o n s ) ,  f i t s  in  w ith  t h e s e  f in d in g s *  The f a i l u r e  to  
v i s u a l i s e  a stone  by ord inary cholangiography was apparent in  
one ca se  (Case 3) and McKenzie (1954)  and P o l lo c k  (19 5 9 )  have 
had s im i la r  ex p er ien ces*
This h igh  in c id e n c e  o f  d i s e a s e  o f  the  b i l i a r y  t r a c t  
among p a t i e n t s  w ith  acu te  p a n c r e a t i t i s  i s  s i g n i f i c a n t *
Molander and B e l l  (1 9 4 6 )  in  a la r g e  autopsy  survey  o f  acu te  
haemorrhagie p a n c r e a t i t i s  found th a t  d i s e a s e  o f  th e  g a l l  
b a ld d er  was p r e s e n t  in  o n e - th ir d  o f  the male and tw o - th ir d s  o f  
th e  fem ale  p a t i e n t s ,  an in c id e n c e  s i x  t im es  h ig h er  than in  th e  
normal p op u la tion *  In a more r e c e n t  s tu d y , B e l l  (1 9 5 8 )  found  
th a t  t h i s  a s s o c ia t io n  was s i g n i f i c a n t  on ly  among p erson s  over  
th e  age o f  40 y e a r s  and th a t  below t h i s  age g a l l s t o n e s  "were 
n o t  an im portant f a c t o r  in  the  a e t io lo g y  o f  p a n c r e a t i t i s . "
The a s s o c ia t io n  between c h o l e l i t h i a s i s  and acute  
i n t e r s t i t i a l  p a n c r e a t i t i s  i s  even c l o s e r  (Bockus and 
R a ffe n sp e r g e r ,  1948);  £u ick  (1 9 3 2 )  and Cole (1938) found
55.
c h o l e l i t h i a s i s  p r e s e n t  in  a l l  t h e i r  c a s e s  o f  acu te  
i n t e r s t i t i a l  p a n c r e a t i t i s .  C o n v erse ly ,  MacKenzie (1 9 5 4 )  
found n e c r o t i c  p a n c r e a t i t i s  to  be l e s s  fr e q u e n t  in  th e  
p resen ce  o f  b i l i a r y  d is e a s e  than in  i t s  absence*
I t  would seem t h e r e fo r e  t h a t  the p a n c r e a t i t i s  a s s o c ia t e d  
w ith  g a l l  b ladd er  d i s e a s e  i s  f r e q u e n t ly  but n o t  in v a r ia b ly  
o f  th e  l e s s  sev ere  and l e s s  l e t h a l  t y p e .  I t  w i l l  on th e  
whole respond w e l l  and r a p id ly  to  c o n s e r v a t iv e  tr e a tm e n t ,  
though th e r e  are in d ic a t i o n s  (c o n s id e r e d  l a t e r )  th a t  r e la p s e s  
are l i k e l y  u n le s s  adequate i n t e r v a l  b i l i a r y  t r a c t  surgery  i s  
c a r r ie d  out*
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(f) Treatment of Acute Pancreatitis.
In g e n e r a l ,  th e  v iew  taken was t h a t ,  when an a ccu ra te  
d ia g n o s i s  could  be made and when c o m p lic a t io n s  r e q u ir in g  
s u r g ic a l  in t e r v e n t io n  were a b s e n t ,  the  trea tm en t in  the  acu te  
phase should  be n o n -o p e r a t iv e ,  and t h i s  was s u c c e s s f u l l y  
a ch iev ed  in  most c a s e s .  The regime adopted was ( i )  adequate  
s e d a t io n ,  ( i i )  g a s t r i c  s u c t io n ,  ( i i i )  a n t i b i o t i c s  and ( i v )  
the  c o n tr o l  o f  d is tu r b a n c e s  o f  m etabolism and e l e c t r o l y t e  
b a la n c e .  Other measures used in  in d iv id u a l  c a s e s  were (v )  
sym pathetic  nerve b lock  and ( v i )  the  g iv in g  o f  c e r ta in  
g a n g l io n -b lo c k in g  a g e n t s .  ( v i i )  The p la c e  o f  surgery  in  the  
e a r ly  and la t e  s ta g e s  o f  acute  p a n c r e a t i t i s  w i l l  be d is c u s s e d  
in  d e t a i l  l a t e r .
( i )  S e d a t io n . P a t i e n t s  were sedated  w ith  adequate  
d oses  o f  p e t h id in e .  Morphine was avoided because o f  i t s  
reputed  e f f e c t  upon the  s p h in c te r  o f  Oddi. S evera l  
i n v e s t i g a t o r s ,  in c lu d in g  P f e f f e r  e t  a l .  ( 1 9 5 3 ) ,  Wapsfefl-w (1953)  
and Bogoch e t  a l .  ( 1 9 5 4 ) ,  have demonstrated th a t  serum amylase 
v a lu e s  as  h igh  as th ose  found in  acute  p a n c r e a t i t i s  may occur  
when morphine i s  g iven  to  h e a lth y  p erso n s ,  e s p e c i a l l y  when the  
pancreas a t  the same time has been s t im u la te d  to  s e c r e te  
maximally by the g iv in g  of  food  or c h o l in e r g ic  drug.
( i i )  C ontinual N a s o -g a s tr ic  S u c t io n . On d ia g n o s i s ,  a 
g a s t r i c  tube was p a ssed  and th e  stomach em ptied and k ep t  
empty by co n sta n t  g a s t r i c  s u c t io n .  By t h i s  means hormonal 
s e c r e t i o n  o f  p a n c r e a t ic  j u ic e  was p rev en ted .  I t  a l s o  
r e l i e v e d  th e  r e t c h in g  and v o m it in g  and was a p r o p h y la x is  
a g a in s t  i l e u s  and abdominal d i s t e n s io n  in  th e  s ev ere  c a s e .
( i i i ) Control o f  M etab o lic  D is tu rb an ces  and E l e c t r o l y t e  
Im balance . In most c a s e s  f l u i d  and e l e c t r o l y t e s  were g iven  
p a r e n t e r a l l y . In m ild er  c a s e s  i t  was n e c e s s a r y  o n ly  to  supply  
th e  d a i ly  f l u i d  and e l e c t r o l y t e  requiirements w h ile  o r a l  f e e d in g  
was in  abeyance but in  s e v e r e r  c a s e s  a more e x a c t in g  s c r u t in y  
o f  th e  f l u i d  and e l e c t r o l y t e  s t a t e  was req u ired  to  c o r r e c t  and 
m ain ta in  the  r,m e lieu  i n t e r i o r . ”
In  acu te  p a n c r e a t i t i s  th ere  i s  an e a r ly  l o s s  o f  b lood  
volume by th e  outpouring  o f  plasm a, w ater , e l e c t r o l y t e s  in to  
the r e t r o p e r i t o n e a l  t i s s u e s  and th e  p e r i t o n e a l  c a v i t y .  K eith  
and Watman (1954) found in  acu te  haemorrhagic p a n c r e a t i t i s  an 
average d e f i c i t  e q u iv a le n t  to  1 ,100  ml. plasma and 750 m l. red 
c e l l  m ass. Massive and rapid  e x tr a v a s a t io n  may be a 
s i g n i f i c a n t  f a c t o r  in  f a t a l  c a s e s  ( E l l i o t t ,  1957) and adequate  
and c o r r e c t  replacem ent i s  im portant and may be u r g e n t .  In  
none o f  th e s e  c a s e s  was plasma or b lood deemed e s s e n t i a l  in  the  
i n i t i a l  s ta g e s  o f  treatment#
( i v ) A n t i b i o t i c  Therapy. In  t h i s  s e r i e s  p e n i c i l l i n  and 
s trep to m y cin  were g iv en  in  a l l  but the  m i ld e s t  c a s e s  o f  
p a n c r e a t i t i s .  There i s  l i t t l e  ev id ence  f o r  regard in g  a 
primary b a c t e r i a l  i n f e c t i o n  as a freq u en t  cause o f  p a n c r e a t i t i s  
but secondary b a c t e r i a l  i n f e c t i o n  in  haemorrhagic p a n c r e a t i t i s  
i s  f r e q u e n t  and p layed  a la r g e  p a r t  in  the  m o r t a l i t y  o f  
p a n c r e a t i t i s  b efore  th e  a n t i b i o t i c s  were a v a i l a b l e  (Schweinburg  
e t  a l . ,  1 9 5 3 ) .
S o k o l ic  and U lin  (1 9 5 7 ) ,  u s in g  a r t i f i c i a l l y - i n d u c e d  acu te  
haemorrhagic p a n c r e a t i t i s  in  th e  dog, came to  the  c o n c lu s io n  
th a t  th e  p r in c ip a l  f a c t o r s  ca u s in g  death in  acu te  haemorrhagic  
p a n c r e a t i t i s  were ( l )  i n f e c t i o n  and ( 2 ) shock from i n f e c t i o n  
and blood  l o s s .  They found t h a t  p e n i c i l l i n  and strep tom ycin  
or aureomyein had a p r o t e c t iv e  v a lu e  a g a in s t  B. W elch ii  
in f e c t i o n  and both le s s e n e d  the  amount o f  damage to  th e  gland  
and low ered the m o r ta l i ty  r a t e .  Gerber e t  a l .  (1958 )  found  
in  human s t u d ie s  t h a t ,  w hile  erythrom ycin , strep tom ycin  and 
chloram phenicol were e x c r e te d  in  the p a n c r e a t ic  j u i c e ,  
p e n i c i l l i n  was u n c e r ta in  and the t e t r a c y c l i n e  group was not  
e x c r e te d  a t  a l l *  This d i f f e r e d  somewhat from an e a r l i e r  
re p o r t  by Howard e t  a l .  ( l 9 5 l )  th a t  p e n i c i l l i n  was e x c r e te d  
in  h igh  co n c e n tr a t io n  in  the p a n c r e a t ic  j u i c e .
( v )  C o e l ia c  P lex u s  B lock w ith  Local A n a e s t h e t i c . This  
procedure was performed on th r e e  o c c a s io n s ,  15 m l. 1 p er  c en t  
X y lo ca in e  b e in g  i n j e c t e d  in to  e i t h e r  s i d e .  In two p a t i e n t s  
(C ases  6 and 12) abdominal pain  had p e r s i s t e d  d e s p i t e  tw e n ty -  
fo u r  hours o f  r o u t in e  tr e a tm e n t .  In both th e s e  c a s e s  the  
i n j e c t i o n  o f  X y loca ine  in to  the c o e l ia c  p le x u s  was followed by 
permanent a l l e v i a t i o n  o f  the p a in ,  though th e r e  was no ev id en ce  
( s e e  F i g .  3 )  th a t  th ere  had been any s p e c i f i c  in h ib i t o r y  e f f e c t  
upon th e  enzyme o u t f lo w  in to  the  b lood stream . In th e  t h ir d  
case  (Case 4 )  no l a s t i n g  b e n e f i t  was ob ta in ed  by t h i s  procedure  
In a l l  t h e s e  c a s e s  th e  i n j e c t i o n  o f  l o c a l  a n a e s t h e t ic  was 
fo l lo w e d  by an abrupt f a l l  in  the  blood p ressu r e  enough on two 
o c c a s io n s  to  produce temporary l o s s  o f  c o n s c io u s n e s s .  I 
b e l i e v e  t h a t  t h i s  trea tm en t i s  p o t e n t i a l l y  dangerous when 
employed in  the acu te  s tage  and th a t  i t  has o n ly  a l im it e d  u s e .
Gage and G i l l e s p i e  (1941)  recommended sp la n ch n ic  b lock  
w ith  a b i l a t e r a l  i n j e c t i o n  o f  th e  lower d o r sa l  sym pathetic  
chain  w ith  1 per cen t  p roca ine  h yd roch lor id e  but o th e r s  have 
found the e f f e c t s  to  be too t r a n s i e n t  to  make th e  procedure  
w orth w h ile .  As both the sp lan ch n ic  and the parasym path etic  
n e r v e s  to  the pancreas p ass  through th e  c o e l i a c  p le x u s ,  i t  
would seem n ot on ly  l e s s  u n p lea sa n t to  th e  p a t i e n t  but a ls o  
more e f f e c t i v e  to  i n f i l t r a t e  the c o e l ia c  p le x u s  and in te r r u p t  
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( v i )  Treatment w ith  G a n g lio n -b lo ck in g  A g e n ts . I have 
used  B anthine and Buscopan, but on ly  in  a s i n g l e  case  ea ch , in  
a ttem p ts  to  reduce p a n c r e a t ic  s e c r e t io n  and to  r e l i e v e  spasm 
o f  the  s p h in c te r  o f  Oddi.
Banthine (m eth an the lin e  bromide) was used  in  a p a t i e n t  
w ith  se v e r e  haemorrhagic p a n c r e a t i t i s  (Case 4 )  in  d o ses  o f  
50-75  mg* e ig h t - I io u r ly  in tr a v e n o u s ly ,  fo l lo w e d  by hexamethonium 
bromide ( s t o c k s  o f  Banthine were exh austed) f o r  a t o t a l  o f  
seven  days* No ob v iou s  improvement was observed  w ith  th e s e  
drugs and th e  p a t i e n t  had a lon g  and stormy co n v a le sce n c e  w ith  
i l e u s  as  a prominent f e a tu r e  in  th e  e a r ly  weeks* Bowel sounds 
were a b sen t  u n t i l  th e  seventh  day and normal bowel a c t i v i t y  was 
n o t  e s t a b l i s h e d  u n t i l  the  t w e l f t h  day. I t  was su sp ected  here  
th a t  th e  i l e u s  had been in c r e a se d  by the  use  o f  a g a n g l io n -  
b lo c k in g  agent*
Buscopan (h y o se in e  N -buty l bromide) was used  in  a p a t i e n t  
(C ase 15) who had been re -a d m itted  to  a m ed ica l ward w ith  an 
a cu te  r e l a p s e .  A f te r  e ig h t  days o f  pain  n e c e s s i t a t i n g  freq u en t  
s e d a t io n ,  he was g iven  Buscopan 20 mg. fo u r -h o u r ly .  T h erea fter  
th e r e  was rapid  r e l i e f  of symptoms and the  p a t i e n t  was d ism issed  
on th e  n in e te e n th  day w e l l .  As he had had s e v e r a l  a t ta c k s  
s in c e  h i s  i n i t i a l  a t ta c k  of  acu te  p a n c r e a t i t i s  fo u r  months
p r e v i o u s ly ,  he was t o l d  to  con tin u e  with Buscopan on d is m is s a l*  
Two subsequent a t ta c k s  were a t t r ib u t e d  by h i s  p r a c t i t i o n e r  to  
h i s  f a i l u r e  to  con tin u e  the  drug. When l a s t  seen  he had 
remained f r e e  from symptoms f o r  s i x  months and was ta k in g  
Buscopan r e g u l a r ly .  I t  i s  p o s s i b l e  however th a t  a lc o h o l  may 
have been an a e t i o l o g i c a l  f a c t o r  here in  d eterm in in g  both  the  
i n i t i a l  acu te  a t ta c k  and the subsequent r e l a p s e s .
( v i i )  O perative Treatm ent* Laparotomies were performed  
on e i g h t  o c c a s io n s  and th ese  w i l l  be co n s id ered  a cco rd in g  to  
the phase o f  the i l l n e s s ,  v i z s
( a )  Immediate on adm ission  and during acu te  s ta g e  
o f  d i s e a s e ;
(k )  Belayed u n t i l  a f t e r  th e  su bsidence  o f  acute
symptoms but on f i r s t  ad m iss ion . These c a s e s  
were in  f a c t  operated  upon a t  about 3 -4  weeks 
a f t e r  ad m ission ;
( c )  On r e la p se  and a t  a subsequent r e -a d m is s io n .
I t  w i l l  be seen  from Table VII th a t  th e  i n d ic a t i o n s  f o r  
o p e r a t io n  were ( i )  d ia g n o s t ic  e rr o r  or doubt and ( i i )  th e  a c tu a l  
or su sp ec te d  p resen ce  o f  c o m p lic a t io n s .
In  th e  two c a s e s  operated  upon in  the acute  s ta g e  o f  the  
i l l n e s s ,  p e r fo r a t io n  o f  a p e p t ic  u lc e r  could  n o t  be excluded  on 
c l i n i c a l  grounds and a serum amylase read ing  was n o t  a v a i la b le
TABLE VII. Operations in Cases of Acute Pancreatitis
Stage CaseNo. I n d ic a t io n O peration
( a )
17 B ia g n o s is :? p e r fo r a te d  D.U. Laparotomy
Immediate






5 C om plication:? subphrenic a b sc e ss
Laparotomy,
C holecystectom y
3 C om plication:  Jaundice  ( s t o n e )





( p a n c r e a t i t i s )
Laparotomy,
D i ln .  o f  sp h in c .
( e )
13 C om plication:Acute c h o l e c y s t i t i s C holecystectom y
R elapse
22 B ia g n o s is :? c h o l e c y s t i t i s Laparotomy
23 B ia g n o s is :? c h o l e l i t h i a s i s
Laparotomy,
Cho1e cy s t e  ctomy
a t  t h i s  s t a g e .  On one o c ca s io n  an in c i d e n t a l  appendicectom y, 
but no o th e r  abdominal procedu re , was c a r r ie d  o u t .  In th e  
two o th e r  c a s e s  in  which th ere  was d ia g n o s t ic  d i f f i c u l t y ,  th e  
p a t i e n t s  were seen  s e v e r a l  days a f t e r  the o n s e t  o f  the i l l n e s s  
and serum amylase rea d in g s  o f  200 and 400 iod om etr ic  u n i t s  
were n o t  h e lp f u l  in  making a d ia g n o s is  o f  acu te  p a n c r e a t i t i s *
The o th e r  c a s e s  were op erated  upon f o r  su sp ec te d  p e r i -  
p a n c r e a t ic  or subphrenic a b sc e ss  (Case 5 ) ,  p e r s i s t e n t  
o b s t r u c t iv e  jau n dice  due to a sm all ampullary s tone  (Case 3 ) ,  
recu rren ce  o f  o b s t r u c t iv e  jau n d ice  due to  com pression o f  
common b i l e  duct by the sw o llen  head of th e  pancreas (Case 10) 
and r e c u r r e n t  a t ta c k s  of acute  c h o l e c y s t i t i s  (Case 1 3 ) .
Secondary b a c t e r i a l  i n f e c t i o n  i s  n o t  uncommon in  acu te  
n e c r o t i c  p a n c r e a t i t i s  ( a s  Case 5 was) and sm all a b s c e s s e s  in  
the  su bstan ce  o f  th e  pancreas are f r e q u e n t ly  seen  in  f a t a l  
c a s e s .  A la r g e  r e t r o p e r i t o n e a l  a b sc e ss  i s  much more r a r e .
The o n s e t  may be i n s id io u s  and the  a b sc e ss  may track  in to  the  
p e r ir e n a l  area  or subd iap hragnatic  space or may extend in to  
th e  m ediastinum . C l in i c a l  ev id en ce  of a sp read in g  p e r i t o n i t i s  
i s  an in d ic a t i o n  fo r  laparotomy. Zaslow (1 9 5 3 )  rep orted  two 
c a s e s  o f  p e r fo r a t io n  o f  the common b i l e  duct as a co m p lica t io n  
o f  acu te  p a n c r e a t i t i s .
O b stru c t iv e  ja u n d ice  in  acu te  p a n c r e a t i t i s  i s  sometimes  
s t a t e d  to  be an in d ic a t io n  f o r  immediate laparotomy and 
decom pression o f  the  b i l i a r y  t r a c t  on the grounds t h a t ,  i f  a 
common b i l i a r y —p a n c r e a t ic  channel were p r e s e n t ,  d i s t a l  
o b s tr u c t io n  would r e s u l t  in  th e  r e g u r g i ta t io n  o f  b i l e  in to  
th e  p a n c r e a t ic  t r e e  w ith  the danger o f  p r e c i p i t a t i n g  or  
e x a c e r b a t in g  p a n c r e a t ic  n e c r o s i s .  In p r a c t ic e  most c a s e s  o f  
p a n c r e a t i t i s  w ith  o b s tr u c t iv e  jau n d ice  respond r a p id ly  to  
c o n s e r v a t iv e  treatm en t w ith  an e a r ly  f a l l  in  both the  serum 
amylase and b i l i r u b i n .  Moreover, during th e  acu te  a t t a c k ,  
when the  p a t ie n t  has profound sy stem ic  u p s e t s  and when th e  
s t r u c t u r e s  w ith in  the  duodenal loop are oedematous, f r i a b l e  
and haem orrhagic, e x p lo r a t io n  o f  the common b i l e  duct may be 
d i f f i c u l t ,  dangerous*and d is a p p o in t in g  and the r e s u l t a n t  
decom pression whether by c h o le c y s to s to n y  or choledochostomy  
r a th e r  i n e f f e c t u a l  as f a r  as the  p a n c r e a t ic  duct system i s  
concerned . I f ,  on the o th er  hand, the acu te  s ta g e  can be 
t id e d  o v e r ,  d e f i n i t i v e  s u r g ic a l  treatm ent o f  the d is e a s e  o f  
the b i l i a r y  t r a c t  i s  e a s i e r  and s a f e r .
In o b s tr u c t iv e  jau ndice  due to  compression o f  the  common 
b i l e  duct by the a c u te ly  sw o llen  head o f  th e  pancreas (a s  in  
Case 1 0 ) ,  s u r g ic a l  e x p lo r a t io n  i s  n ecessa ry  f o r  d ia g n o s is  and
'treatm ent, i f  spontaneous recovery  does n o t  take p la ce*  
Hepatogenous jau n dice  c o n s t i t u t e s  a c o n t r a - in d ic a t io n  to  
s u r g ic a l  in t e r v e n t i o n .
Other c o m p lic a t io n s  which were n o t  encountered  in  t h i s  s e r i e s  
but which are i n d ic a t i o n s  f o r  surgery  are p seu d o c y st  and 
i n t e s t i n a l  o b s t r u c t io n .  In the  e a r ly  s t a g e s ,  o b s tr u c t iv e  
symptoms may be prominent and p e r s i s t e n t  due to  l o c a l i s e d  
i l e u s  o f  a d ja cen t  bow el, u s u a l ly  jejenum but sometimes  
duodenum, ileum or t r a n sv e r s e  co lon  ( C a t t e l l  and Warren, 1 9 5 3 ) .  
More r a r e ly  and a t  a l a t e r  s ta g e  th ere  may be a m echanical  
o b s tr u c t io n  in v o lv in g  the sm all bowel (de V id as ,  1947; Moore, 
1956; Hardy and Bow lin , 1957; P o l lo c k ,  1959) or co lon  (M iln  
and B a r c la y ,  1 9 5 2 ) .
( g) The Acute R elapse
Among th e  tw e n ty -th r e e  c a s e s  o f  acu te  p a n c r e a t i t i s ,  th r e e  
were in  an acute  r e la p s e  when f i r s t  seen and f i v e  c a s e s  which  
had been d iagnosed  and tr e a te d  when in  th e  i n i t i a l  a t ta c k  had 
subsequent r e la p se s *  I t  i s  n o t  b e l i e v e d  t h a t  even t h i s  
r a th e r  h igh  r e la p se  r a te  r e p r e se n ts  the t o t a l ,  a s  th e  f o l l o w -  
up has been sh o rt  and incom plete*
A. C ases f i r s t  seen  in  r e l a p s e ;
i .  Female, aged 69 (Case 1 9 ) :  Has had repeated
a t ta c k s  o f  p a n c r e a t i t i s  over two y ea rs*  X—ray  
shows n o n - fu n c t io n in g  g a llb la d d e r*  Laparotomy 
refused*
i i .  Male, aged 66 (Case 2 0 ) :  Laparotomy in  1953
showed p a n c r e a t i t i s  w ithout b i l i a r y  t r a c t  
d ise a se *  He has had rec u r ren t  a t ta c k s  o f  pa in  
s in c e ,  n o t  r e l i e v e d  by ch o lecy stec to m y  in  1955 
(? normal g a l lb la d d e r ) ,
i i i *  Female, aged 68 (Case 2 1 ) :  Laparotomy in  1950
showed c h o l e l i t h i a s i s  and s u b s id in g  p a n c r e a t i t i s *  
R ecurrent a t ta c k s  a f t e r  ch o lecy stec to m y  and has  
s in c e  d eveloped  d ia b e t e s .
B* Cases o f  acu te  p a n c r e a t i t i s  th a t  have r e la p s e d :
i .  Male, aged 54 (Case 1 0 ) :  U neventfu l recovery
from i n i t i a l  a t ta c k  o f  p a n c r e a t i t i s  and 
o b s tr u c t iv e  jaundice  but r e la p se d  weeks l a t e r  
and a laparotomy confirmed p a n c r e a t i t i s  and the  
p resen ce  o f  a n o n -c a lc u lo u s  c h o l e c y s t i t i s *
Sphincter o f  Oddi d i l a t e d  and no recurren ce  s in ce*
i i *  Female, aged 59 (Case 1 3 ) :  had a t ta c k s  o f
p a n c r e a t i t i s  u n t i l  ch o lecy stec to m y  f o r  c h o le ­
l i t h i a s i s  in  1957 and has had no a t ta c k s  s in ce*
i i i .  Male, aged 53 (Case 1 5 ):  " A lc o h o l ic ”
p a n c r e a t i t i s .  No ev idence  o f  b i l i a r y  t r a c t  
d is e a s e  a t  laparotom y. Has had Four major 
r e la p s e s  s in c e  f i r s t  a t ta c k  in  January, 1958*
i v .  Female, aged 26 (Case 1 7 ):  "Post—partum”
p a n c r e a t i t i s  (Langmade and Edmison, 1951;
J o sk e ,  1 9 55a) .  No ev id ence  o f  b i l i a r y  t r a c t  
d is e a s e  a t  laparotomy; not a d d ic ted  to  
a lc o h o l .  Had a sev ere  r e la p se  16 months 
a f t e r  f i r s t  a ttack*
v .  Female, aged 49 (Case 2 2 ) :  Laparotomy
f o l lo w in g  a r e la p se  showed a s u b s id in g  
p a n c r e a t i t i s  and no ev id en ce  o f  b i l i a r y  t r a c t  
d i s e a s e .  D rinking h a b i t s  n o t  known*
Kaden and Howard (1956) found a r e la p se  r a te  o f  45 per  cen t  
in  p a t i e n t s  w ith u n tr e a te d  acu te  p a n c r e a t i t i s .  In t h e i r  
e x p e r ie n c e  r e la p s in g  c a s e s  cou ld  be d iv id ed  in to  two groups,  
d i s t i n c t  in  ca u se ,  p ro g ress  and response to  su rgery: ( a )  th o se
a s s o c ia t e d  w ith  ch ron ic  a lc o h o l ism  ( " a lc o h o l i c  p a n c r e a t i t i s " )  
and (b )  th o se  a s s o c ia t e d  with c h o l e l i t h i a s i s  ( " B i l ia r y  
p a n c r e a t i t i s " ) .  They found t h a t  the r e la p s e  r a te  was about  
the same in  the two groups but Bockus, K a lsa r ,  Bngoch and S te in  
(1955)  found th a t  in  t h e i r  s e r i e s  the p a n c r e a t i t i s  a s s o c ia t e d  
w ith  a lc o h o l ism  was more sev ere  and more prone to  r e la p s e  and 
c o m p lic a t io n s  than in  th o se  c a s e s  in  which b i l i a r y  t r a c t  d is e a s e  
and n o t  a lc o h o l ism  was a f a c t o r .  Howard e t  a l .  (1958 )  in  a 
la r g e  survey o f  p a n c r e a t i t i s  which comprised 350 c a se s  o f  t h e i r  
own and more than 5 ,000  c a s e s  c o l l e c t e d  from the l i t e r a t u r e
found t h a t  " a lc o h o l i c ” p a n c r e a t i t i s  e v e n tu a te s  in  p a n crea to ­
l i t h i a s i s  ( in tr a d u c t  or parenchymatous) in  a lm ost h a l f  th e  
p a t i e n t s  and s te a to r r h o e a  and d ia b e te s  d e v e lo p s  in  about a 
q u a rter  o f  th e  c a s e s .  A lso  w ith in  t h i s  group, ch o lecy stec to m y  
in  th e  absence o f  g a l lb la d d e r  d i s e a s e  did n o t  p reven t  
recu rren ce  o f  the p a n c r e a t i t i s .  In c o n tr a s t  to  t h i s ,  b i l i a r y  
p a n c r e a t i t i s  r a r e ly  r e s u l t e d  in  p a n c r e a t ic  c a l c i f i c a t i o n  or  
d ia b e te s  and d e f i n i t i v e  g a l l s t o n e  surgery c h a r a c t e r i s t i c a l l y  
in te r r u p te d  the course  o f  the d i s e a s e .
Such a sim ple cure f o r  r e la p s in g  p a n c r e a t i t i s  a s s o c ia t e d  
w ith  b i l i a r y  t r a c t  d i s e a s e  has n o t  been a ch iev ed  by a l l .
Josk e  ( 1955b), f o r  example, does n o t  a cce p t  the  concept o f  
" b i l i a r y  p a n c r e a t i t i s ” and found among h i s  90 c a s e s  o f  acu te  
p a n c r e a t i t i s  14 which had n o t  b e n e f i t e d  by surgery  o f  the  
b i l i a r y  t r a c t .  There i s  some ev id en ce  (N ied n er ,  1957) to  
support th e  th eory  th a t  the primary l e s i o n  may be in  the  reg io n  
o f  th e  p a p i l l a  o f  V ater and th a t  b i l i a r y  t r a c t  d i s e a s e  and 
p a n c r e a t ic  d is e a s e  are due to  s ta g n a t io n  in  th e  r e s p e c t iv e  duct  
system s. D o u b ile t  and Mulholland (1956) have rep orted  upon the  
trea tm en t  o f  319 c a s e s  o f  r ec u r r in g  p a n c r e a t i t i s  by c h o le ­
cystectom y and sphincterotom y w ith  a recu rren t  m orb id ity  ra te  
o f  o n ly  10 per cen t  in  p a t i e n t s  fo l lo w ed  over two y e a r s .
The few c a s e s  g iven  here show many o f  th e  f e a t u r e s  
g e n e r a l ly  found in  the  recu rren t  a t ta c k s  o f  p a n c r e a t i t i s .
Among th e  te n  c a s e s  o f  acu te  p a n c r e a t i t i s  which a l s o  had 
g a l l s t o n e s ,  on ly  one was observed  to  r e la p s e  and she undoubted­
ly  b e n e f i t e d  from c h o le c y s te c to m y • The two c a s e s  o f  acu te  
p a n c r e a t i t i s  w ith  a s s o c ia te d  c h o l e l i t h i a s i s  which were seen  
f o r  th e  f i r s t  tim e a f t e r  they  had had s e v e r a l  acu te  a t ta c k s  
remained in  s t a t u  quo. One d e c l in e d  o p e r a t iv e  trea tm en t and 
th e  o th e r  continu ed  to  have a t ta c k s  a f t e r  c h o le c y s te c to m y .
A lcoh o lism  was rare among ray c a s e s  in  c o n tr a s t  w ith  i t s  
frequency  in  some la r g e  s e r i e s  rep orted  from th e  U nited  S t a t e s  
o f  Am erica. Howard e t  a l .  (1958)  in  t h e i r  n ation w id e  survey  
found t h a t  between o n e - th ir d  and one h a l f  o f  a l l  c a s e s  o f  
acu te  p a n c r e a t i t i s  cou ld  be a t t r ib u t e d  to  a lc o h o l is m .  P o l lo c k  
(1 9 5 9 )  in  a survey o f  100 c a s e s  o f  acute  p a n c r e a t i t i s  in  Leedtt 
found no case  in  which th ere  was an a s s o c ia t io n  w ith  a l c o h o l i c  
e x c e s s .
(J») The M o r ta l i ty  Rate with S p e c ia l  R eference  to  N on -op era tive
Treatm ent.
The m o r t a l i t y  r a te  in  t h i s  s e r i e s  i s  n i l .  In th e  fo u r  
c a s e s  op erated  upon during the  i n i t i a l  i l l n e s s ,  two (b o th  in  
young women) had g e n e r a l i s e d  haemorrhagic p a n c r e a t i t i s  and two 
showed on ly  acu te  oedematous p a n c r e a t i t i s  w ith  f a t  n e c r o s i s .
In the  rem aining c a s e s  acute i n t e r s t i t i a l  p a n c r e a t i t i s  was 
su sp e c te d  on c l i n i c a l  grounds but no p r e c i s e  in form ation  as  to  
th e  p a t h o lo g ic a l  s t a t e  o f  th e  pancreas i s  a v a i l a b l e .  A ccording­
ly  l i t t l e  can be sa id  about th e  encouraging  r e s u l t s ,  ap art  from 
n o t in g  th a t  th ere  i s  n o th in g  here to  c o n tr a d ic t  the  v iew  th a t  
c n n s e r v a t iv e  treatm en t i s  b e s t  in  the acute  s ta g e  o f  the  
uncom p licated  c a s e .
The death r a te  in  acute  p a n c r e a t i t i s  has shown a marked f a l l  
in  th e  l a s t  few d ecad es .  In 1927, when d ia g n o s is  was dependent  
upon laparotom y, Schmieden and Sebening c o l l e c t e d  1 ,278  c a s e s  o f  
acu te  p a n c r e a t i t i s  w ith  an o v e r a l  m o r ta l i t y  r a te  o f  5 1 .2  per  c e n t .  
The p r e s e n t  m o r ta l i t y  ra te  probably  v a r i e s  from about 16 per  cen t  
( S i l e r  and W ulsin, 1951; Raker and B a r t l e t t ,  1953; Fogerson and 
Shedd, 1955; Thompson and D err ick ,  1957) to  about 5 per  c en t  
(P r o b s te in  and P a r e ir a ,  1954; Z o l l in g e r ,  K eith  and E l l i s o n ,
1 9 5 4 ) .
Both d ia g n o s is  and treatm ent p la y  s i g n i f i c a n t  p a r t s  in  
t h i s  achievement* As b iochem ica l t e s t s  f o r  th e  d e t e c t io n  
of  e x c e s s  o f  enzymes in  blood or u r in e  have become a v a i l a b l e  
f o r  c l i n i c a l  u s e ,  many c a se s  o f  acute  p a n c r e a t i t i s  are now 
r e c o g n ise d  which p r e v io u s ly  would have been m issed* This  
and th e  consequent in c r e a se  in  awareness o f  p a n c r e a t i t i s  as  
a n o t  in fr e q u e n t  cause o f  acu te  abdominal pa in  has r e s u l t e d  
in  the  d ia g n o s is  o f  a g r e a te r  p rop ortion  o f  r e l a t i v e l y  m ild  
and t r a n s i e n t  c a s e s  o f  acute  oedematous p a n c r e a t i t i s *
Acute oedematous p a n c r e a t i t i s  now c o n s t i t u t e s  75-80  p er  
cen t o f  most r e c e n t  s e r i e s  o f  c a s e s  ( S i l e r  and W ulsin , 1950; 
Fogerson  and Shedd, 1955; Bernetriades and P o la y e s ,  1958)*  
Acute p a n c r e a t ic  n e c r o s i s  i s  s t i l l  a s e r io u s  d is e a s e  w ith  a 
m o r t a l i t y  r a te  which may be as h igh  as 62*5 per  cen t  
(D em etriades and P o la y e s ,  1 9 5 8 ) ,  whereas the  m o r t a l i t y  in  
acu te  oedematous p a n c r e a t i t i s  i s  a lm ost n i l*
The improvement in  the recovery  ra te  i s  a ls o  due to  
improvement in  trea tm en t ,  o f  which the avoidance o f  o p era t io n  
in  th e  acu te  s ta g e  i s  only  a part* The prompt r e s t o r a t io n  
o f  c i r c u l a t i n g  blood volume, c o n tr o l  o f  e l e c t r o l y t e s  and f l u i d  
b alan ce  and p r o p h y la c t ic  use o f  a n t i b i o t i c s  are th e r a p e u t ic
m easures which s t r ik e  a t  the main cau ses  o f  death  in  th e s e  
c a s e s .  S ince the rep o rt  in  1952 by S tephenson , P f e f f e r  and 
Sqypol o f  the s u c c e s s f u l  treatm ent o f  acu te  haemorrhagic  
p a n c r e a t i t i s  w ith  c o r t i so n e  in  a p a t ie n t  who was g ra v e ly  i l l  
and s e v e r e ly  shocked, numerous o th e r  s u c c e s s e s  w ith  e i t h e r  
c o r t i s o n e  or a d r e n o c o r t ic a tr o p h ic  hormone have been rep orted  
( s e e  l a t e r ) .  These drugs are undoubtedly l i f e s a v i n g  in  the  
p resen ce  o f  a d r e n o c o r t ic a l  i n s u f f i c i e n c y  and th ere  i s  a l s o  
some exp erim en ta l ev id ence  th a t  they  raay have a b e n e f i c i a l  
an ti- in f la m m a to ry  e f f e c t  in  sev ere  haemorrhagic p a n c r e a t i t i s  
(S te w a r t ,  E l l i o t t  and Z o l l in g e r ,  1958).
I t  i s  d i f f i c u l t  to  determine the e x te n t  to  which s e l e c t i o n  
and improved therapy might have co n tr ib u ted  to  the lowered  
m o r t a l i t y  r a t e s .  Cole (1938) and Richman (1957)  have c o n s id e r ­
ed th e  ev id ence  and are s a t i s f i e d  th a t  the  avoidance o f  surgery  
in  th e  acu te  s tage  has le d  to  improved r e s u l t s .  This avoidance  
o f  su rg ery ,  however, i s  not always p o s s ib l e  nor i s  i t  in v a r ia b ly  
d e s i r a b l e .  C om plications r e q u ir in g  surgery may a r i s e  a t  any 
time and an erro r  o f  d ia g n o s is  may lead  to  s e r io u s  con sequ en ces .  
The p la c e  o f  the serum amylase t e s t s  in  th e  d i f f e r e n t i a l  
d ia g n o s is  between qcute p a n c r e a t i t i s  and o th e r  acu te  e x t r a -  
p a n c r e a t ic  abdominal c o n d it io n s  w i l l  be co n s id ered  in  the  n ex t  
s e c t i o n .
2. OTHER ACUTE ABDOMINAL CONDITIONS
In  order to  a s s e s s  fu r th e r  the va lu e  o f  serum amylase  
e s t im a t io n s  in  the d ia g n o s is  o f  acu te  p a n c r e a t i t i s ,  th e  serum 
amylase was measured in  200 p a t i e n t s  adm itted  as s u r g ic a l  
em ergen cies  on account o f  pain  b e l i e v e d  n o t  to  be p a n c r e a t ic  
in  o r i g i n .  There were 22 c a se s  w ith  amylase l e v e l s  above the  
normal range o f  133—320 iod om etr ic  u n i t s ,  but in  no case  d id  
the serum amylase l e v e l  exceed 914 iod om etr ic  u n i t s .
Hyperamylasaemia was commonest (2 8 .7  per c e n t )  in  acu te  
d is e a s e  o f  the b i l i a r y  t r a c t ,  the  o v e r a l l  in c id e n c e  b e in g  7 .3  
per c e n t  among the o th e r  c a s e s .  This would support the b e l i e f  
t h a t  d i s e a s e  o f  the b i l i a r y  t r a c t  i s  l in k ed  more c l o s e l y  w ith  
p a n c r e a t i t i s  than are o th er  acu te  abdominal c o n d i t io n s .
The v a r io u s  c o n d it io n s  shown in  Table VIII w i l l  be 
co n s id ered  s e p a r a t e ly .
TABLE V I I I .
Serum Amylase in  E x t r a - p a n c r e a t i c  Abdominal C o n d it io n s
Amylase U n its B i1ia r y P e r fo r a te d Acute Other
( io d o m e tr ic ) Tract  
Di se a se
P e p t ic
U lcer
A p p e n d ic i t i s C ond it ion s
914 1 _ — —
800 - - - -
840 - - -
533 2 2 1 1
500 1 1 - -
457 1 - - -
400 5 2 4 1
N 320 2 4 10 5
° 269 r 3 9 6 10
m 229 2 5 11 6
i  200 - 3 8 6
178 3 3 9 4
R 160 a 1 2 9 8
n 145 2 - 5 3
g 133 e - 3 3 4
B ilow  133 12 3 6 8
T otal 35 37 72 56
No. w ith 10 5 5 2
r a is e d  
amylase (/£)
(2 8 .7 ^ ) ( 1 3 .6 fo) (6 .9 ) ') ( 3 .6 fv)
12 ( 7 .3 fo)
( a>) Acute D ise a s e  o f  th e  B i l i a r y  T r a c t .
T h ir t y - f i v e  p a t i e n t s  w ith  acu te  d is e a s e  ©f the  b i l i a r y  
t r a c t  who had had serum amylase measurements made on ©r 
s h o r t ly  a f t e r  adm ission  comprised:
2 c a s e s  o f  acu te  n o n -c a lc u lo u s  c h o l e c y s t i t i s
12 c a s e s  o f  acu te  o b s tr u c t iv e  c h o l e c y s t i t i s  
( b i l i a r y  c a l c u l i  p r e s e n t )
6 c a s e s  o f  acu te  c h o l e c y s t i t i s  ( c a l c u l i  
presumed but unproven)
15 c a s e s  o f  c h o l e d o c h o l i t h i a s i s .
R e s u l t s : Table IXA.
The in c id e n c e  o f  hyperamylasaemia was h ig h e r  where c a l c u l i  
were proved to  be p r e s e n t .  I t  occurred in  6 ou t o f  th e  15 
p a t i e n t s  (40  per c e n t)  w ith  r a d io l o g i c a l  an d /or  o p e r a t iv e  
ev id en ce  o f  c h o l e d o c h o l i t h i a s i s .
In  none o f  th e s e  c a se s  which had a laparotomy was th ere  
any ev id e n c e  o f  p a s t  or p r e s e n t  p a n c r e a t i t i s .  Any case  o f  
known or su sp ected  d is e a s e  o f  the  b i l i a r y  t r a c t ,  which showed 
c l i n i c a l  or b iochem ica l f e a tu r e s  o f  p a n c r e a t i t i s ,  was excluded  
from t h i s  group and considered  under ’'Acute P a n c r e a t i t i s ."
Among th e  e ig h te e n  c a s e s  of acu te  p a n c r e a t i t i s ,  th ere  were e ig h t
TABLE IXA. In c id en ce  o f  E lev a ted  Serum Amylase in  Acute
D isea se  o f  the B i l i a r y  T ract  
( e x c lu d in g  c a s e s  w ith  a s s o c ia t e d  acu te  p a n c r e a t i t i s )
C ondition No. of  Cases
R aised  
Serum Amylase
Non—c a lc u lo u s  c h o l e c y s t i t i s 2 -
C h o l e l i t h i a s i s  ( s t o n e s  
dem onstrated) 12 3
C h o l e l i t h i a s i s  (unproven X) (6 ) ( - )
C h o le d o c h o l i t h ia s i s 15 6
x
These were e l d e r l y  p ersons who made a rap id
recovery  from t h e i r  acu te  c o n d it io n  and, as  
o p era t io n  was n o t  contem plated , i n v e s t i g a t i o n s  
we re in  comp 1 e t  e •
TABLE IXB. Serum Amylase in  45 Gases w ith  B i l i a r y  Tract D ise a se  
( in c lu d in g  10 c a s e s  o f  acu te  p a n c r e a t i t i s )
No • o f R aised  Serum Amylase





N o n -ca lcu lo u s  c h o l e c y s t i t i s 3 - 1 1
C h o l e l i t h i a s i s
( s to n e  dem onstrated)
17 3 5 8
C h o l e l i t h i a s i s  (unproven) 7 - 1 1
C h o le d o c h o l i th ia s i s 18 6 3 9
T o t a l s 45 9 10 19
w ith  proven b i l i a r y  c a l c u l i ,  one w ith  an unconfirm ed d ia g n o s is  
o f  c h o l e l i t h i a s i s  and one who had o b s tr u c t iv e  ja u n d ice  and a 
non—c a lc u lo u s  c h o l e c y s t i t i s ,  the b i l i a r y  o b s tr u c t io n  b e in g  
found a t  laparotomy to  be due to  p a n c r e a t i t i s .  When th e se  
c a s e s  are in c lud ed  with the above 35 c a s e s ,  the  r e s u l t s  are as  
in  Table IXB.
Thus n e a r ly  h a l f  (42 per c e n t )  o f  th e s e  c a s e s  w ith  acu te  
d is e a s e  o f  the  b i l i a r y  t r a c t  had an e l e v a t io n  o f  serum amylase  
and about h a l f  o f  th o se  w ith  r a i s e d  serum amylase l e v e l s  showed 
e v id en ce  o f  p a n c r e a t i t i s .
C on sid era tion  o f  the L i t e r a t u r e . The rep orted  in c id e n c e  o f  
r a i s e d  serum amylase in  acute  c h o l e c y s t i t i s  v a r i e s  from 33 per  
cen t  (McCorkle and Goldman, 1942) and 9 per c e n t  ( H a l l ,  Howard, 
Jordan and W itt ,  1 9 5 6 ) .  Both groups o f  i n v e s t i g a t o r s  found  
th a t  in  about h a l f  o f  the  c a se s  w ith  hyper&mylasaemia, no 
m acroscopic  ev iden ce  o f  p a n c r e a t i t i s  was p r e s e n t  a t  o p e r a t io n .
A symptomless fu n c t io n a l  u p se t  i s  sometimes found a f t e r  
morphine i n j e c t i o n s ,  or when the p a n c r e a t ic  in tr a d u c t  p ressu re  
i s  r a i s e d  during cholangiography (Howell and Bergh, 1 9 5 0 ) .
Serum amylase v a lu e s  as h igh as 4 ,0 0 0  Soraogyi's U n its  have 
occurred  w ithout the p a t ie n t  e x p e r ie n c in g  abdominal p a in ,  nausea ,
or v o m it in g  ( P f e f f e r  e t  a l . ,  1 9 5 3 ) .  In a l l  th e s e  c ircu m stan ces  
a h igh  c o n c e n tr a t io n  o f  enzymes i s  r e le a s e d  in t o  the i n t e r s t i t i a l  
t i s s u e s  c r e a t in g  a s i t u a t i o n  fa vou rab le  f o r  the development o f  
p a n c r e a t i t i s ,  but i t  i s  a Mp r e p a n c r e a t i t i s M r a th e r  than a 
p a n c r e a t i t i s .
When the  o b s tr u c t io n  i s  more prolonged  and more com p lete ,  
th e  c l i n i c a l  and p a th o lo g ic a l  p ic tu r e  i s  o f  acu te  i n t e r s t i t i a l  
p a n c r e a t i t i s .  There i s  exp erim enta l support ( T h is t le t h w a i t e  
and H i l l ,  1952) f o r  th e  v iew  th a t  o b s tr u c t io n  a lone  produces a 
r i s e  in  th e  serum am ylase, a v a ry in g  amount o f  oedema o f  the  
gland and sometimes in t r a p e r i t o n e a l  f a t  n e c r o s i s .  This i s  the  
type o f  p a n c r e a t i t i s  most f r e q u e n t ly  found in  a s s o c ia t io n  w ith  
b i l i a r y  t r a c t  d i s e a s e  (M ackenzie, 1954) .
The r o le  o f  the  b i l i a r y  t r a c t  in  the p a th o g e n e s is  o f  acu te  
haemorrhagic p a n c r e a t i t i s  i s  more ob scu re .  In 1850, Bernard  
produced a c o n d it io n  resem b ling  p a n c r e a t i t i s  by the  i n j e c t i o n  of  
b i l e  and o i l  in to  th e  pancreas o f  experim enta l an im als .  Korte  
(1 8 9 8 ) ,  Lancereaux ( 1 8 9 9 ) , and Oser ( l9 0 3 ) * a s  quoted by Richman 
(1957)^ each in d epend en tly  came to  the  co n c lu s io n  th a t  
p a n c r e a t i t i s  was due to  g a l l s t o n e s  in  the term ina l p a r t  o f  the  
common b i l e  duct a c t in g  as a b a r r ie r  to  the o u tf lo w  o f  
p a n c r e a t ic  j u ic e  and a llo w in g  b a c te r ia  from th e  in flam ed  common
duct to  e n t e r  the p a n c r e a t ic  d u c t .  Opie in  1901 found in  a 
f a t a l  c a s e  o f  haemorrhagic p a n c r e a t i t i s  a sm all g a l l s t o n e  a t  
th e  am pulla , o b s tr u c t in g  b i l i a r y  and p a n c r e a t ic  o u tf lo w  y e t  
a l lo w in g  b i l i a r y  r e f l u x  in to  the p a n c r e a t ic  d u c ts .  However, 
in  the s e r i e s  c o l l e c t e d  from th e  l i t e r a t u r e  by Wapshaw (1 9 5 5 ) ,  
th e  in c id e n c e  o f  ampullary s to n e  in  acute p a n c r e a t i t i s  v a r ie d  
from 1 3 .0  per  cen t  to  1 .4  per c e n t  w ith  an o v e r a l l  average o f  
4 . 9  per  c e n t .  F o l lo w in g  O p ie’ s rep o r t  in  1901, th ere  has been 
e x t e n s iv e  and in t e n s iv e  re sea r ch  in to  the in c id e n c e  and 
s i g n i f i c a n c e  o f  the  '’common ch a n n e l” and o f  the " b i le  f a c t o r ” 
in  acu te  p a n c r e a t i t i s .  The work has been review ed by 
W angensteen, Leven and Manson (1 9 3 1 ) ,  S i l e r  and Wulsin (1 9 5 0 ) ,  
C a t t e l l  and Warren (1 9 5 3 ) ,  Wapshaw (1955) and Richman ( 1 9 5 7 ) .  
There i s  a l s o  ample ev idence  th a t  n e i th e r  a "common channel"  
nor b i l i a r y  r e f lu x  are n e c e ssa r y  f o r  the production  of acu te  
haemorrhagic p a n c r e a t i t i s .  I have s tu d ie d  the e f f e c t s  o f  
p a n c r e a t ic  duct o b s tr u c t io n ,  w ith  and w ithou t b i l i a r y  r e g u r g i ta ­
t io n  in to  the  p a n c r e a t ic  d u c ts ,  in  the r a t  and ray f in d in g s  w ith  
a fu r th e r  b r i e f  d i s c u s s io n  are g iv en  in  P art  I I I ,
(b )  P e r fo r a te d  P e p t ic  U lcer
T h ir ty -s e v e n  gastroduodenal p e r fo r a t io n s  were s tu d ie d  and 
in  f i v e  o f  th e s e  (1 3  p er  ce n t)  the p r e -o p e r a t iv e  serum amylase  
was r a i s e d  to  between 320 and 533 iodom etr ic  u n it s *
In a search  f o r  some c o r r e la t io n  between the  amylase co n ten t  
o f  the p e r i to n e a l  f l u i d  and o f the b lood , $ sample o f  p e r i to n e a l  
f l u i d  was taken a t  laparotomy in  seven teen  ou t o f  the t h i r t y -  
seven c a s e s .  The r e s u l t s  are recorded in  Table X a lo n g  w ith  the  
s i t e ,  s i z e  and du ration  o f  the p e r fo r a t io n  and th e  p r e -o p e r a t iv e  
serum amylase l e v e l .  I have e s t a b l i s h e d  no obvious c o r r e la t io n  
between the l e v e l  o f  th e  serum amylase and th e  s i z e  or s i t e  of  
u l c e r ,  d u ra tion  o f  i l l n e s s  or degree of p e r i to n e a l  con tam in ation .
C o n s id era t io n  o f  the L i t e r a t u r e . The rep orted  in c id e n c e  o f  
hyperamylasaemia in  gastroduodenal p e r fo r a t io n s  v a r i e s  from 15 to  
50 per c en t  w ith  an average o f  about 20 per cen t  (Table X I) .
Pemberton e t  a l .  (1 9 5 0 ) ,  a f t e r  experim enta l s t u d ie s  in  dogs,  
came to  the co n c lu s io n  th a t  p o s t -p e r fo r a t io n  e l e v a t io n s  in  serum 
amylase were due to  absorp tion  o f  amylase from the peritoneum .  
Musgrove (1 9 5 0 ) ,  in  e ig h t  p a t i e n t s ,  found a d i r e c t  r e la t io n s h ip  
between th e  s i z e  o f  the p e r fo r a t io n  and the serum am ylase.  
Mahaffey e t  a l .  (1955) have confirmed t h i s  in  t h e i r  la r g e r  s e r i e s
TABLE X
Amylase L ev e ls  in  P e r i t o n e a l  Exudate and in  Blood in  

















1 46 Duodenal i4 2 + 133 107
2 35 Duodenal A3 2-3 + 533 267
3 26 Gastric Not stated 3 +  + 64,000 400
4 53 Duodenal 99 99 4 + 17,204 177
5 31 Duodenal „ „ 5 +  +  + 3,200 229
6 53 Gastric „ „ 6 +  +  + 400 267
7 76 Duodenal „ „ 6 ? 26,667 267
8 37 Duodenal i4 6 +  + 1,280 114
9 43 Duodenal i 6 +  +  + 20,000 200
10 56 Duodenal 34 10 +  + + 23,659 320
11 34 G-E stoma Small 10 + 25.600 229
12 31 Gastric Small 12 +  + 2,822 160
13 27 Duodenal i 12 +  +  + 18,605 267
14 68 Duodenal Large 14 + +  + 1,067 94
15 47 Duodenal Small 15 7 1,943 300
16 68 Duodenal 1 ?18 +  + 1,280 229
17 55 Gastric * 36 +  +  + 4,267 533
* Arbitrary scale of measurement ranging from +  =  small local collection of fluid to +  +  +  =  general 
flooding of peritoneal cavity.
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TABLE XI
In c id e n c e  o f  E lev a ted  Serum Amylase in  





Author Under 1,000 units 
No. of cases (%)
Over 1,000 units 
No. of cases
Probstein et al. (1939) 17 4(24) -
Wapshaw (19$9) 32 7 (22) -
Musgrove (1950) 20 3(15) -
McCollum (1955) 10 5(50) -
Burnett and Ness (1955) 31 12 (39) 2
Mahaffey et al. (1955) 51 8(16) -
Present series 37 5(13) -
TOTALS 198 44 (22) . 2
o f  t h i r t y - n i n e  p a t i e n t s  and a ls o  found th a t  the most s i g n i f i c a n t  
r i s e s  were in  p e r fo r a t io n s  occuning  w ith in  th r e e  hours o f  a meal 
or  the ta k in g  of  a lc o h o l  and when th ere  was a d e la y  o f over  12 
hours between p e r fo r a t io n  and t e s t .  Wapshaw (1951)  in  h i s  
s e r i e s  o f  th ir ty - tw o  c a s e s  found no r e l a t io n s h i p  between the  
enzyme l e v e l s  in  the blood and in  the p e r i t o n e a l  f l u i d  and 
observed  th a t  r a is e d  blood amylase v a lu e s  were ob ta in ed  o n ly  in  
c a s e s  o f  p e p t ic  u l c e r  p e r fo r a te d  f o r  seven hours or more. C offey  
(1958)  found no c o r r e la t io n  between the d u ra t io n  o f  the  
p e r fo r a t io n  and the l e v e l  o f  the serum am ylase . I t  would seem 
o v e r - s i m p l i f i c a t i o n  to  regard th e  p r o c e ss  as one of sim ple  
m echanical f i l t r a t i o n ,  f o r  o th er  f a c t o r s  may be im portant,  
in c lu d in g  a l t e r a t i o n  in  the p e r i to n e a l  p e r m e a b i l i ty ,  as  the  
peritoneum  responds to  the chem ical and b a c t e r i a l  i r r i t a t i o n  
from th e  s p i l l e d  g a s t r i c  or duodenal c o n te n t s .
(c) Acute Appendicitis.
R e s u l t s s P r e -o p e r a t iv e  serum amylase l e v e l s  were measured  
in  sev en ty -tw o  c a s e s  o f  acute  a p p e n d ic i t i s  and were found to  be 
e l e v a t e d  in  f i v e  ( 6 .9  per c e n t ) .  There was no c o r r e la t io n  
between th e  amylase l e v e l  and the  duration  o f  symptoms or degree  
o f  in flam m ation  in  the appendix i t s e l f .  None o f  the t h i r t y -  
th ree  c a s e s  w ithout p e r i t o n i t i s ,  but f i v e  out o f  the t h i r t y - n i n e  
c a s e s  w ith  p e r i t o n i t i s  (1 2 .8  per c e n t)  had serum amylase l e v e l s  
above normal (Table X II ) .  The in c id e n c e  o f  r a i s e d  serum amylase 
was th e  same among th o se  with g e n e r a l i s e d  p e r i t o n i t i s  as among 
th o se  w ith  p e r i t o n i t i s  l im it e d  to  the ap pendicu lar  r e g io n ,  
though in  th e  former group the e l e v a t io n s  tended to  be s l i g h t l y  
h ig h e r .  In none o f  th e s e  c a s e s  were very  h igh  serum amylase  
v a lu e s  found.
C o n s id era t io n  o f  the L i t e r a t u r e . Normal serum amylase  
v a lu e s  in  acu te  a p p e n d ic i t i s  were found by McCollum (1 9 5 5 )  -  
14 c a s e s  -  and by Kovacs e t  a l .  (1955)  -  50 c a s e s .  B urnett  and 
N ess (1 9 5 5 )  found e l e v a t io n s  in  f i f t y - s e v e n  ou t o f  149 c a s e s  of  
acu te  a p p e n d i c i t i s ,  the h ig h e s t  v a lu e  b e in g  800 u n i t s  (Som ogyi).
TABLE XIX. Appendicitis and the Serum Amylase
No • o f Mean Amylase Level  
( io d o m etr ic  
U n it s )
Raised Serum Amylase
Otype ©f Case Cases No.(jfc) Iod om etr ic  U n its
No
P e r i t o n i t i s 33 193 - -
Local









R e s u l t s i In t h i s  f i n a l  group were c o l l e c t e d  a l l  o th e r  c a s e s  
w ith  acu te  abdominal p a in ,  in c lu d in g  i n t e s t i n a l  o b s t r u c t io n ,  
acu te  p e p t ic  u l c e r ,  i n f e c t i v e  h e p a t i t i s ,  d i v e r t i c u l i t i s ,  non­
s p e c i f i c  m esen ter ic  a d e n i t i s  and e c t o p ic  pregnancy. In two 
c a s e s  ou t o f  the f o r t y - e i g h t  examined ( 4 .2  per c e n t )  th e  serum 
amylase was over 320 iod om etr ic  u n i t s  -  a ca se  o f  s t r a n g u la te d  
in g u in a l  h ern ia  (356  iod om etr ic  u n i t s )  and one o f  i n f e c t i v e  
h e p a t i t i s  (533  iod om etr ic  u n i t s ) .
C o n s id era t io n  of  the  L ite r a tu r e
( i )  I n t e s t i n a l  o b s tr u c t io n  has been a s s o c ia t e d  w ith  a 
r a i s e d  serum amylase on s e v e r a l  o c c a s io n s .  R affen sp erger  (1951)  
rep orted  the  case  o f  a woman in  whom a serum amylase o f  343 mg. 
per  c en t  (2% t im es  the upper l i m i t  o f  normal) delayed  f o r  
s e v e r a l  days the o p e r a t iv e  r e l i e f  o f  an in t e r n a l  s t r a n g u la t io n  
o f  bow el.  P o l lo c k  (1959) rep orted  a case  o f  a man o f 36 w ith  
i n t e s t i n a l  o b s tr u c t io n  due to a band, who had a serum amylase 
l e v e l  o f  1 ,600  u n i t s ,  and a ls o  the case  o f  a woman o f  66 w ith  a 
gangrenous loop o f  sm all bowel w ith in  a fem oral h ern ia  s a c ,  who 
had a serum amylase l e v e l  o f  2 ,000  u n i t s ,  a lthough  a t  autopsy  
the pancreas appeared normal. With the  e x c e p t io n  o f  th e s e  two 
c a s e s  a lo n g  w ith  the two ca se s  rep orted  by B urnett and Ness  
(1955) who had l e v e l s  o f  2 ,000  and 1 ,000  Somogyi u n i t s ,
e l e v a t i o n s  when p r e se n t  in  c a s e s  o f  i n t e s t i n a l  o b s tr u c t io n  
have been moderate and l e s s  than 500 mg. per  c en t  (Polow e,
1946j R a ffen sp erg e r ,  1951; Kovacs e t  a l . ,  1 9 5 5 ) .
The cause o f  the hyperamylasaemia i s  n o t  c e r t a i n .  Ivy
and Goldman (1939) have produced spasm of th e  s p h in c te r  o f  
Oddi by d i s t e n s io n  of  the c o lo n .  In o b s tr u c t io n  w ith  
s t r a n g u la t io n ,  the amylase co n ten t  o f  the p e r i to n e a l  tran su d ate  
i s  r a i s e d  c o n s id e r a b ly .  Moretz and E rickson  (1954) found the  
mean e l e v a t io n  to  be 1 1 .3  t im es  th a t  of normal b lood and i t  
would seem reason ab le  to  su g g e s t  th a t  in  th e s e  c a s e s  th e r e  i s  a 
t r a n s p e r i t o n e a l  a b sorp tion  o f  amylase as i s  b e l i e v e d  to  occur  
in  gastroduodenal p e r f o r a t i o n s .  A c o - e x i s t i n g  p e r i t o n i t i s  may 
a ls o  p la y  i t s  p a r t .
( i i )  P e n e tr a t in g  P e p t ic  U lc e r .  Involvem ent of the  pancreas  
by a p e p t ic  u lc e r  may cause a moderate e l e v a t io n  in  th e  serum 
amylase (Comfort and O sterberg , 1940 5 H e i f e t z  e t  a l . ,  19415 
Lew ison, 19415 M alinow ski, 1 9 5 2 ) .  Among M alin ow sk i's  n ine  
c a se s  o f  p e n e tr a t in g  p e p t ic  u l c e r ,  e l e v a t io n s  up to  976 Somogyi 
u n i t s  ( f o u r  t im es  the  upper l i m i t  o f  normal were found. At 
one tim e i t  was hoped th a t  serum amylase d e term in a t io n s  might  
a s s i s t  in  th e  r e c o g n i t io n  o f  t h i s  com p lica t io n  but th e  r e s u l t s  
have proved too u n c e r ta in  to be o f  v a lu e .
( i i i )  Acute P e r i t o n i t i s  o f  a lm ost any a e t io l o g y  may g iv e  
e l e v a t e d  serum p a n c r e a t ic  enzyme v a lu e s ,  th e  e l e v a t i o n  appearing  
between the  f i f t h  and te n th  days (R a ffe n sp e r g e r ,  1 9 5 1 ) .  In  the  
c a s e s  o f  a p p e n d ic i t i s  rep orted  h e r e ,  e l e v a t i o n s  were found on ly  
when th e r e  was an obvious p e r i t o n i t i s  p r e s e n t .  In a l l  the  
c a s e s  th e  modest e l e v a t io n s  present, were recorded  b e fo re  th e  
f i f t h  day o f  i l l n e s s .
( i v )  I n f e c t i v e  H e p a t i t i s . The f in d in g  o f  a r a i s e d  serum 
amylase in  a case  o f  i n f e c t i v e  h e p a t i t i s  (proved  by l i v e r  b io p sy )  
i s  o f  i n t e r e s t  in  th a t  i t  i s  s t a t e d  th a t  in  l i v e r  d i s e a s e ,  in  
c o n tr a s t  to  b i l i a r y  t r a c t  c o n d i t io n s ,  the serum amylase i s  normal 
or subnormal and th e  degree o f  f a l l  i s  a measure of h e p a t ic  
impairment (Somogyi* 1941; Gray e t  a l . ,  1 9 4 1 ) .
( v )  Ruptured E c to p ic  Pregnancy. An i s o l a t e d  case  o f  
ruptured e c t o p ic  pregnancy w ith  a serum amylase l e v e l  o f  1 ,600  
Somogyi u n i t s  has been rep orted  ( K e l le y ,  1 9 5 7 ) .
3. DISCUSSION
The in t e r p r e t a t io n  o f  a r a i s e d  serum amylase l e v e l  i s  
com p lica ted  by the occurrence o f  abnormally h igh  l e v e l s  in  acute  
abdominal c o n d it io n s  o th er  than acu te  p a n c r e a t i t i s .  I t  would 
c l e a r l y  be o f •a s s i s t a n c e  i f  th e  range of v a lu e s  found in  th e s e  
e x tr a p a n c r e a t ic  c o n d it io n s  cou ld  be d e f in e d  so th a t  the common 
ground shared by th e se  and acute  p a n c r e a t i t i s  could  be 
d e l in e a t e d  as a zone w ith in  which ca u t io n  in  in t e r p r e t a t io n  
must be observed  and p o s s ib ly  a l i n e  found beyond which acute  
p a n c r e a t i t i s  could  be d iagnosed  w ith  confid en ce*
Bockus and R affen sp erger  (1 9 4 8 )  s ta t e d  th a t  " va lu es  fo r  
amylase below f i v e  t im es  the normal may p o s s i b l y  be th e  r e s u l t  
o f  a cu te  abdominal p r o c e s s e s  n ot o r i g in a t in g  in  the p an creas ."  
P r o b s te in  and P a re ira  (1952) con s id ered  th a t  n o n -p a n cr ea t ic  
c o n d it io n s  ( r e n a l  r e t e n t io n  exc lu d ed ) seldom gave r i s e  to  l e v e l s  
over  1 ,000  Somogyi u n i t s  and th a t  "blood d ia s t a s e  l e v e l s  o f  
1 ,500  u n i t s  or more may be con s id ered  as pathognomic o f  acu te  
p a n c r e a t i t i s . "
In  my s e r i e s ,  w h ile  e l e v a t io n s  o f  serum amylase were p r e se n t  
in  one out o f  every ten  c a se s  p r e s e n t in g  w ith  acute  abdominal 
symptoms con s id ered  n o t  to be p a n c r e a t ic  in  o r i g i n ,  they  were
a l l  l e s s  than th ree  t im es  the upper l i m i t  o f  normal and in  no 
c a se  approached th e  l e v e l s  c h a r a c t e r i s t i c  o f  acu te  p a n c r e a t i t i s *  
R a ffen sp erg e r  (1 9 5 1 ) ,  H olt  (1954)  and McCollum (1955)  have 
recorded  s im i la r  ex p er ien ces*
Kovacs e t  a l .  (1955)  s tu d ie d  the serum amylase in  300 
s u r g ic a l  p a t i e n t s  o f  whom 271 had n o n -p a n er ea t ic  c o n d i t io n s .
Out o f  th e s e  271 c a s e s  on ly  f i v e  ( 1 . 8  per c e n t )  had serum amylase  
l e v e l s  above the normal range. Two c a s e s  o f  p e n e tr a t in g  
duodenal u l c e r  and two c a s e s  o f  i n t e s t i n a l  o b s tr u c t io n  had 
e l e v a t i o n s  which were l e s s  than f i v e  t im es the upper l i m i t  o f  
normal; th e  f i f t h  case  was o f  a la rg e  p y lo r i c  u lc e r  ap p aren tly  
about to  p e r fo r a te  and had a serum amylase l e v e l  o f  1 ,160  
Somogyi u n i t s .
At f i r s t  s ig h t  i t  would seem d i f f i c u l t  to  c o r r e la t e  th e s e  
f in d in g s  w ith  the c o n tr a s t in g  ex p er ien ce  o f  W ilson and Seabrook  
(1 9 5 3 ) .  They reported  ten  c a s e s  w ith  serum amylase l e v e l s  
between 348 and 1 ,549 Somogyi u n i t s ,  o f  whom o n ly  th ree  were 
found to  have acute  p a n c r e a t i t i s .  There were a ls o  f i v e  c a se s  
o f  c h o l e l i t h i a s i s ,  o f  whom th ree  had serum amylase l e v e l s  o f  
over 1 ,000  u n it s *  In two o f  th e se  c a se s  the pancreas was 
pronounced abnormal on p a lp a t io n .  The two remaining c a s e s  
were ( l )  a p r e p y lo r ic  u lc e r  p e n e tr a t in g  the pancreas and ( 2 )
a p e r fo r a te d  duodenal u l c e r  w ith  g e n e r a l i s e d  p e r i t o n i t i s  
( l , 4 5 4  u n i t s ) .  B urn ett  and N ess  (1955) s tu d ie d  350 consecu ­
t i v e  c a s e s  o f  acu te  abdominal d i s e a s e  and found th a t  among the  
336 c a s e s  w ith  e x tr a p a n c r e a t ic  d i s e a s e  140 ( 4 1 .7  per c e n t )  had 
serum amylase l e v e l s  " d i s t i n c t l y  above norm al."  The m a jo r ity  
of th e s e  were minor e l e v a t io n s  but v a lu e s  over  1 ,000  u n i t s  
were found in  fou r  c a s e s  -  p e r fo r a te d  p e p t ic  u l c e r  ( 2 ) and 
i n t e s t i n a l  o b s tr u c t io n  ( 2 ) .
Among th e  e x tr a p a n c r e a t ic  c o n d it io n s  to  be d is t in g u is h e d  
from a cu te  p a n c r e a t i t i s ,  acute  gastroduodenal p e r fo r a t io n  i s  
th e  most im portant -  and y e t  most d i f f i c u l t  because o f  i t s  
c l o s e  resemblance to  acu te  p a n c r e a t i t i s .  Paxton and Payne 
(1 9 4 8 )  found in  307 c a se s  o f  acu te  p a n c r e a t i t i s  th a t  th e  
a d m itt in g  d ia g n o s is  in  16 .3  per cen t  was p e r fo r a te d  p e p t ic  u l c e r .
P r o b s te in ,  Wheeler and Gray (1 9 3 9 ) ,  Wapshaw (1 9 4 9 ) ,  
M alinowski (1 9 5 2 ) ,  Wilson and Seabrook (1953)  and P o l lo c k  (1959)  
have each rep orted  one case o f  gastroduodenal p e r fo r a t io n  
masquerading as p a n c r e a t i t i s  in  which c l i n i c a l  err o r  was 
p erp etu a ted  by the h igh serum amylase p r e se n t  and the d ia g n o s is  
was f i n a l l y  rev e a led  on ly  a t  a u to p sy .  In the f i r s t  two c a s e s  
th e  serum amylase l e v e l s  were below 1 ,000 Somogyi u n i t s .  Such 
v a lu e s  would now, w ith  in crea sed  ex p er ien ce  o f  serum amylase
t e s t s  and knowledge o f  t h e i r  l i m i t a t i o n s ,  be t r e a t e d  w ith  
c ir c u m sp e c t io n .  In th e  o th er  c a s e s  th e  serum amylase l e v e l s  
were 2 ,0 0 0  and 1 ,454  and 1 ,300  Somogyi u n i t s .  (Kovacs e t  a l .  
(1955 )  rep orted  a case  w ith  a serum amylase o f  1 ,160  u n i t s  who 
had a t  autopsy  a le a k in g  chron ic  p y lo r i c  u l c e r  but i t  i s  n o t  
c le q r  whether the u lc e r  was in  f a c t  p e r fo r a te d  a t  the tim e o f  
th e  b lood  e x a m in a t io n ) .  Other c a s e s  o f  gastroduodenal  
p e r fo r a t io n  w ith  very  h igh  serum amylase are th e  two rep orted  
by B u rn ett  and Ness (1955)  w ith  v a lu e s  o f  1 ,600  and 3 ,400  
Somogyi u n i t s .
The duration  o f  symptoms c o r r e la te d  w ith  th e  serum amylase  
l e v e l  may sometimes g iv e  a c lu e  to  the d i f f e r e n t i a l  d ia g n o s i s .  
In  acu te  p a n c r e a t i t i s  the  serum amylase u s u a l ly  reaches  a 
maximum in  th e  f i r s t  few hours a f t e r  o n se t  whereas in  g a s tr o ­
duodenal p e r fo r a t io n  r i s e s  are unusual in  th e  f i r s t  s i x  hours  
and are maximal a f t e r  12 hours (Mahaffey e t  a l . ,  1 9 5 5 ) .  This  
i s  n o t  e n t i r e l y  r e l i a b l e ,  as  i s  seen  in  B urnett  and N e s s ' s  case  
o f  g a s t r i c  p e r f o r a t io n ,  in  which a l e v e l  o f  3 ,4 0 0  Somogyi u n i t s  
was reached  seven hours a f t e r  p e r f o r a t io n .  Complete d a ta  are  
n o t  a v a i l a b l e  but i t  would seem th a t  in  most c a s e s  o f  p e r fo r a te d  
u lc e r  w ith  very  h igh  amylase v a lu e s ,  the  p e r fo r a t io n  had been
p r e s e n t  f o r  some tim e and th ere  was a w e l l - e s t a b l i s h e d  
p e r i t o n i t i s .
In g en era l about a f i f t h  o f  the  c a s e s  o f  gastroduodenal  
p e r f o r a t io n  w i l l  show s l i g h t  to  moderate r i s e s  in  th e  serum 
am ylase . Values ex ce ed in g  f i v e  t im es  the  upper l i m i t  o f  
normal are rare but have occurred  ih  p e p t ic  u l c e r s  which have 
p e r fo r a te d  f o r  seven or more hours* This s e r v e s  to  re-em p hasise  
th e  p o in t  t h a t ,  when the d ia g n o s is  i s  in  doubt i n i t i a l l y  or  
becomes in se c u r e  in  the  course o f  trea tm en t ,  laparotomy i s  
in d ic a te d  and a serum amylase r e s u l t  in  the range u s u a l ly  
a s s o c ia t e d  w ith  p a n c r e a t i t i s  c o n s t i t u t e s  no c o n t r a in d ic a t io n .
As has a lread y  been s t a t e d ,  between a h a l f  and o n e - th ir d  
o f  a l l  c a s e s  o f  b i l i a r y  t r a c t  d i s e a s e  show a t  some s ta g e  a 
r a i s e d  serum amylase l e v e l  and in  h a l f  o f  th e s e  th ere  w i l l  be 
i n t r a p e r i t o n e a l  ev id en ce  of p a n c r e a t i t i s .  I t  i s  h e ld  t h a t ,  
where th e  serum amylase i s  s i g n i f i c a n t l y  r a i s e d  in  th e s e  c a s e s ,  
b i l i a r y - p a n c r e a t i c  derangement i s  p r e s e n t .
C erta in  extra-abdom inal c o n d it io n s  may produce h yp er-  
am ylasaemia. Acute suppurative  or acute o b s tr u c t iv e  p a r o t i t i s  
may r a i s e  m oderately  the serum amylase but v a lu e s  over 1 ,000  mg. 
per c en t  o c c a s io n a l ly  occu r .  In th e se  c a s e s  the cause o f  the  
r a is e d  serum amylase i s  u s u a l ly  s e l f - e v i d e n t  but epidem ic
95,
p a r o t i t i s  or mumps, in  v iew  o f  i t s  sometimes a t y p ic a l  
m a n i f e s t a t io n s  and abdominal c o m p lic a t io n s ,  m e r i t s  more 
a t t e n t io n *  Hyperamylasaemia i s  p resen t  in  about 80 per  cen t  
o f  c a s e s  o f  mumps (Candel and Wlieelock, 1946; Warren, 1955) 
and i t  may be p r e se n t  in  the absence o f  p a r o t id  s w e l l i n g s ,  as  
i i i submandibular mumps* Abdominal pain  and c o l i c  i s  f r eq u en t  
in  mumps and acute  p a n c r e a t i t i s  occu rs  as a c o m p lica t io n  in  
about 2 .4  per cen t  o f  c a s e s  (Brahdy and S c h e f f e r ,  1931)*
F i n a l l y ,  i t  should  again  be mentioned th a t  ren a l r e t e n t io n  
f o r  amylase may be a cause o f  hyperamylasaemia. R affen sp erger  
(1 9 5 1 ) ,  in  a case o f  i n t e s t i n a l  o b s tr u c t io n  w ith  a r a i s e d  serum 
amylase, noted  th a t  th ere  was a l s o  a r i s e  in  the blood urea  and 
co n s id ered  th a t  ren a l f a i l u r e  was co n tr ib u to ry  to  the h yp er-  
am ylasaemia. I have observed a s im i la r  ren a l i n s u f f i c i e n c y  
f o l l o w i n g  c h o le cy ste c to m y . A r i s e  in  the serum amylase was 
accompanied by a r i s e  in  the b lood  urea l e v e l  and blood l e v e l s  
r a p id ly  returned to  w ith in  normal range a f t e r  c o r r e c t io n  o f  the  
deh yd ration  (F ig .  4 ) .
Apart from R a ffe n sp e r g e r ' s c a s e ,  th ere  has been l i t t l e  
mention o f  ren al fu n c t io n  in  the c a s e s  rep orted  in  th e  l i t e r a t u r e  
o f  hyperamylasaemia a s s o c ia t e d  w ith  acu te  e x tr a -p a n c r e a t ic  
abdominal c o n d i t io n s .  In any a t y p ic a l  case  o f  hyperamylasaemia, 
i t  would seem wise to  examine the ren a l fu n c t io n ,  e s p e c i a l l y  fo r  
e x c r e t io n  o f  am ylase .
F ig u r e  4 .
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CH O L E C V sfE C T Q M Y  -  CHOLELITHIASIS
P A R T  T H R E E
SERUM AMYLASE IN EXPERIMENTAL PANCREATITIS 
AND THE EFFECT PRODUCES BY
SOME THERAPEUTIC SUBSTANCES
PRODUCTION OF OBSTRUCTIVE PANCHEATITIS
( a )  In tr o d u ct io n
(b )  Method
( e )  Normal Serum Amylase L ev e ls  in  th e  Rat
(d )  E f f e c t s  o f  O b stru ctive  P a n c r e a t i t i s  in  th e  Rat
( e )  I n f lu e n c e  o f  B i l i a r y  R eflu x  in  O b stru ct iv e  
P a n c r e a t i t i s  in  the  Rat
INFLUENCE OF DRUGS ON COURSE OF PANCREATITIS
( a )  G an g lion -b lock in g  A gents:
( i )  P rop an th e line  Bromide ( "Probanthine")
( i i )  Hyoseine N -buty l Bromide ( "Buscopan”)
(b )  C ortisone
( c )  P r o p y l th io u r a c i l
(d )  Acetazolam ide ("Diamox")
SUMMARY AND CONCLUSIONS
1. PRODUCTION OF OBSTRUCTIVE PANCREATITIS
(ft) In tr o d u c t io n
When th e  pancreas i s  damaged by acute  d is e a s e  or  in j u r y ,  
e x c e s s i v e  amounts o f  p a n c r e a t ic  enzyme are r e le a s e d  in t o  the  
i n t e r s t i t i a l  t i s s u e s ,  whence th ey  are absorbed in to  th e  
c i r c u l a t i o n  or seep in to  the r e t r o p e r i to n e a l  t i s s u e s *  These 
enzymes are l i a b l e ,  under c ircum stances  s t i l l  i l l - d e f i n e d ,  to  
produce fu r th e r  d e s tr u c t io n  o f  the pancreas and to  have 
profound system ic  e f f e c t s .  A ccord ingly  much o f  the treatm en t  
o f  acu te  p a n c r e a t i t i s  has been d ir e c te d  towards red u cing  the  
s e c r e t i o n  o f  the pancreas and th us p rev en t in g  fu r th e r  t i s s u e  
auto l y s i s  and d e s t r u c t io n .  S ev era l o f  the drugs used  f o r  t h i s  
purpose have appeared to  have a b e n e f i c i a l  e f f e c t  upon the  
course  o f  the i l l n e s s  but a survey o f  the  l i t e r a t u r e  in d ic a t e s  
t h a t ,  in  some ca se s  a t  l e a s t ,  the  ev idence  th a t  t h i s  has been  
due to  an e f f e c t i v e  su pp ress ion  o f  the p a n c r e a t ic  s e c r e t io n  i s  
ra th e r  in c o n c lu s iv e .
I have made s tu d ie s  o f  the e f f e c t s  o f  c e r t a in  th e r a p e u t ic  
su b sta n ces  upon the pancreas o f  th e  r a t ,  both in  the absence  
and p resen ce  o f  p a n c r e a t ic  duct o b s tr u c t io n ,  w ith  s p e c ia l
em phasis on t h e i r  e f f e c t s  upon th e  amount o f  amylase  
c i r c u l a t i n g  in  th e  b lo o d . A l l  o f  the drugs chosen have some 
c la im  as  in h i b i t o r s  o f  p a n c r e a t ic  fu n c t io n  and s e c r e t i o n ,  
though th e  mode and s i t e  o f  a c t io n  upon the  gland v a r y .
I t  has been known for some tim e (Wohlgemuth, 1909) th a t  
s im ple  l i g a t i o n  o f  the  p a n c r e a t ic  duct in  th e  exp er im en ta l  
animal i s  fo l lo w e d  by s w e l l in g  and oedema o f  the p an creas ,  
th e  appearance o f  a v a r ia b le  amount o f  in t r a p e r i t o n e a l  f a t  
n e c r o s i s ,a n d  a marked and s i g n i f i c a n t  r i s e  in  the serum 
am ylase . When th e  duct and d u c tu le s  become d i l a t e d  and the  
a c in a r  c e l l s  e c t a t i c ,  s e c r e t io n  c e a s e s  and the serum amylase  
f a l l s  to  subnormal l e v e l s .  The remaining amylase in  the  
blood i s  o f  e x tr a -p a n c r e a t ic  o r i g i n .  In  some anim als the  
changes f o l lo w in g  duct l i g a t i o n  are more pronounced when the  
pancreas i s  a t  the same time s t im u la te d  to  maximal s e c r e t io n  
by fo o d ,  s e c r e t i n  or Mecholyl (Liura and Maddock, 1948) ,  but  
t h i s  does n ot appear to  be so in  the r a t  (B lo c k ,  Wakin and 
B a g g e n s to ss ,  1954 ) .
The '’o b s tr u c t iv e  p a n c r e a t i t i s ” d ev e lo p in g  as  a r e s u l t  o f  
p a n c r e a t ic  duct l i g a t i o n  i s ,  in  most in s t a n c e s ,  a n o n - le th a l  
l e s i o n  resem b ling  i n t e r s t i t i a l  p a n c r e a t i t i s  as encountered in
th e  human (S h in g le to n ,  Anlyan and David, 1 9 5 2 ) .
In  most experim enta l work on p a n c r e a t i t i s  i t  has been  
co n s id e r e d  d e s ir a b le  to  use an animal p rep a ra t io n  w ith  
haemerrhagic or n e c r o t i c  p a n c r e a t i t i s  f o r  th e r a p e u t ic  t r i a l s .  
Many tech n iq u es  have been d e v ise d  to  produce n e c r o t i c  
p a n c r e a t i t i s  in  an im als but a l l  have the d isad vantage  th a t  
th e  methods o f  p m d u c tio n  are q u it e  unnatural and the  r e s u l t s  
ob ta in ed  are to© v a r ia b le  to  a l lo w  anyth ing  ex ce p t  a 
comparison o f  m o r ta l i ty  r a t e s  between two la r g e  s e r i e s  o f  
anim als (T h a i,  1954; Anderson e t  a l . ,  1 9 5 8 ) .  Moreover, in  
haemerrhagic or n e c r o t i c  p a n c r e a t i t i s ,  whether n a tu r a l ly  
o c c u r r in g  or ex p er im en ta lly  produced, many f a c t o r s ,  in c lu d in g  
blood  l o s s ,  in fec t io n ^ a n d  e l e c t r o l y t e  d is tu r b a n c e s ,  a f f e c t  
the course  o f  the d is e a s e  and may co n tr ib u te  m a t e r ia l ly  
towards a f a t a l  outcome. I t  seemed more ap propria te  in  t h i s  
i n v e s t i g a t i o n  to  u se  anim als w ith  " o b s tr u c t iv e  p a n c r e a t i t i s "  
produced by duct l i g a t i o n ,  in  which th e s e  e th e r  f a c t o r s  p la y  
a much l e s s  important p a r t .
(b )  Method
( i )  Rat P rep a ra t io n s  U sed . In t h e s e  exp er im en ts ,  male 
a lb in o  r a t s  (W istar s t r a i n ) ,  w eigh ing  between 250 and 350 
Grams were u sed . Male r a t s  on ly  were used  as  Tuba and 
Wiberg (1953 )  found th a t  the normal serum amylase l e v e l s  in  
th e  two s e x e s  were s i g n i f i c a n t l y  d i f f e r e n t .  Throughout the  
exp erim en ts  d r in k in g  water and food  were u n r e s t r i c t e d .
In the  r a t ,  th e  pancreas i s  a d i f f u s e  s tru c tu n e  lo c a te d  
m ain ly  in  the m obile m esentery o f  the duodenum w ith  m u lt ip le  
p a n c r e a t ic  ducts  e n te r in g  in to  a common b i l i a r y - p a n c r e a t i c  
duct ( F i g .  5 ) .  These ducts  are sm a ll ,  f r i a b l e  and v a r ia b le  
in  number and p o s i t io n  so th a t  e f f e c t i v e  o b s tr u c t io n  to  the  
p a n c r e a t ic  duct system r e q u ir e s  l i g a t i o n  o f  th e  main b i l i a r y -  
p a n c r e a t ic  duct d i s t a l l y .  When t h i s  i s  done, o b s tr u c t iv e  
jau n d ice  i s  in e v i t a b l e  and th ere  i s  a p r o g r e s s iv e  d i s t e n s io n  
©f th e  d u cts  w ith  a r i s i n g  death r a te  amongst the  r a t s  a f t e r  
the t h ir d  day due to  rupture o f  the  b i l e  d u c t s .  T h erefore ,  
th e s e  r a t  p rep a ra t io n s  were regarded as having an u s e f u l  l i f e  
o f  n o t  more than fo u r  days, and o b s e r v a t io n s  were l im it e d  to  
w ith in  t h i s  p e r io d .  Three r a t  p rep a ra t io n s  were u sed :
Figure 5.
Biliary—Pancreatic Duct Systems in the Rat.
Tie a t  A o n ly  -  Connection between b i l i a r y  & p a n crea t ic  duct systems  
Tie a t  A & B -  No co n n ect io n  between b i l i a r y  & p a n c r e a t ic  duct system s
Preparation A : The common biliary-pancreatic duct was
d iv id e d  between l i g a t u r e s  a t  the  duodenum. O b stru ction  was 
th u s  produced to  both the  b i l i a r y  and p a n c r e a t ic  duct system s  
w ith  anatom ical c o n t in u ity  rem aining between them so th a t  
r e g u r g i t a t io n  from one duct system  to  the o th e r  remained 
p o s s i b l e .
P rep ara tion  B: In t h i s  p rep ara tion  a fu r th e r  l i g a t u r e
was p la c e d  round th e  common b i l e  duct below th e  ju n c t io n  o f  
th e  h e p a t ic  ducts  and above the l e v e l  o f  en try  o f  the  
p a n c r e a t ic  d u c ts .  By t h i s  means, i s o l a t e d  o b s tr u c t io n  to  
th e  b i l i a r y  and p a n c r e a t ic  duct system s was produced, and no 
r e g u r g i t a t io n  o f  b i l e  in to  the p a n c r e a t ic  d u cts  was p o s s i b l e .
P rep ara tion  C: In a sm all s e r i e s  o f  r a t s ,  the  common
b i l e  duct was l i g a t e d  above th e  l e v e l  o f  en try  o f  the  
p a n c r e a t ic  d u c ts ,  thus producing, f o r  c o n tr o l  p urposes ,  
o b s tr u c t io n  to  the b i l i a r y  duct system w ithout any p a n c r e a t ic  
duct o b s tr u c t io n .
( i i )  B iochem ical Methods U sed . The method used f o r  
the  e s t im a t io n  o f  the serum amylase was T a l l u t e ' s  (1954)  
m o d if ic a t io n  o f  Som ogyi's Saccharogenic Method (1 9 3 8 ) .  For
v a lu e s  below 3 ,000  u n its /lO O  ml*, a 1:10 d i l u t i o n  o f  serum 
in  normal s a l in e  was u sed , and f o r  v a lu e s  above t h i s  l e v e l  
th e  t e s t  was repeated  with a 1:100 d i l u t i o n .  To s t a b i l i s e  
th e  pH o f  the  t e s t  s o lu t io n  a t  th e se  d i l u t i o n s  w ith in  th e  
range o f  optim al enzyme a c t i v i t y ,  2 ml. o f  phosphate b u f fe r  
(pH 7 . 0 )  was added, as  recommended by Van Loon, L ik in s  and 
S eger  (1 9 5 2 ) .
Adequate blood samples f o r  s e r i a l  e s t im a t io n s  o f  
amylase con ten t  were n o t  a v a i la b le  from th e s e  r a t s  and on ly
one measurement was made from each r a t .  At th e  appointed
tim e th e r e fo r e  blood was withdrawn by d i r e c t  card iac
puncture and the r a t  was then s a c r i f i c e d  and examined. In
F i g .  6, which f o l l o w s ,  each c i r c l e  r e p r e se n ts  the  serum 
amylase l e v e l  in  a r a t  which was examined a t  the p o s t - l i g a t i o n  
tim e in d ic a te d  on the a b s c i s s a  and the com posite p ic tu r e  i s  made 
up from the r e s u l t s  in  28 r a t s .  Thus th ere  i s  no d i r e c t  
measurement o f  the r i s e  and f a l l  o f  the serum amylase during  
th e  course  o f  th e  experim ent. This i s  tru e  o f  a l l  the  
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( c )  Normal Seram Amylase L e v e ls  in  the Rat
Serum amylase l e v e l s  were measured in  25 normal r a t s ,  
u s in g  the  b iochem ica l method d esc r ib e d  above. Readings  
ranged from 2290 to  1504 u n i t s /1 0 0  m l . ,  w ith  an 
A rith m etic  Mean o f  1810 u n i t s /1 0 0  m l*. The Standard  
D e v ia t io n  was 228 u n i t s /1 0 0  m l . ,  and the C o e f f i c i e n t  o f  
V a r ia t io n  1 2 .6 .  (For rea d in g s  ob ta in ed  se e  Appendix C .2 ) .
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(d) Effects of Obstructive Pancreatitis in the Rat
P rep ara tion  B, in  which th e  segment o f  th e  common b i l i a r y -  
p a n c r e a t ic  duct d ra in in g  the p a n c r e a t ic  d u cts  was i s o l a t e d  by 
proxim al and d i s t a l  l i g a t u r e s ,  was used in  21 r a t s .  Twenty 
r a t s  s u r v iv in g  the o p era t io n  were k i l l e d  in  b a tch es  a t  24 , 36, 
48 and 72 hours a f t e r  l i g a t i o n .
During the f i r s t  24-48 hours a f t e r  the o p e r a t io n ,  th e  
r a t s  became jau n d iced , were l i s t l e s s ,  bedraggled  and d ir t y  and 
u s u a l ly  showed some abdominal d i s t e n s io n .  T h erea fter  they  
improved in  appearance and appeared more l i v e l y ,  though the  
u r in e  remained h e a v i ly  loaded w ith  b i l e .  Laparotomy showed 
p r o g r e s s iv e  d i l a t a t i o n  o f  the  b i l i a r y  and p a n c r e a t ic  d u c ts ,  
w ith  the pancreas sw ollen  and oedematous but not s ta in e d  w ith  
b i l e  ( F i g .  7 a ) .  At 24 hours or so ,  th ere  was u s u a l ly  some 
i l e u s  and by 48 hours a v a r ia b le  amount o f  f a t  n e c r o s i s  
( F i g .  7 b ) .
The serum amylase l e v e l s  a t ta in e d  are p resen ted  in  d e t a i l  
in  Appendix C.3 and are analysed  in  Table X I I I .  I t  w i l l  be 
observed  th a t  the serum amylase v a lu e s  fo l lo w e d  a w e l l -d e f in e d  
p a t te r n  w ith  h igh rea d in g s ,  between 2% and 9 t im es  th e  normal 
range, a t  24, 36 and 48 hours a f t e r  d u c t - 1 ig a t io n .  The r e s u l t s  
in  t h i s  experim ent are shown g r a p h ic a l ly  in  F ig .  8 .
T1. 7 1 0 9 .F i g u r e  7 .
I n t r a p e r i t o n e a l  A p p e a r a n c e s  i n  O b s t r u c t i v e  P a n c r e a t i t i s  i n  t h e  R a t .
( b )  F a t  n e c r o s i s  
i n  m e s e n t e r y .
( a )  D i s t e n d e d  b i l e  d u c t s  4 8  h o u r s  
a f t e r  l i g a t u r e ,  ^ o t e  t h e  d o u b l e  
d i s t a l  l i g a t u r e  and s i n g l e
p r o x i m a l  l i g a t u r e .
TABLE X I I I . L ig a t io n  o f  B il ia r y -P a n c r e a t ic  Duct w ith ou t
B i l ia r y  R eflu x
-
P o s t - l i g a t io n  Serum Amylase (U nits/lO O  m l#)
24 hours 36 hours 48 hours 72 h r s .
Range 1 2 ,1 1 0 -7 ,6 5 4 1 7 ,7 0 4 -6 ,1 8 2 1 6 ,4 3 9 -6 ,6 7 0 2 ,3 4 3
Mean 10,000 11 ,700 11 ,400 2 ,3 4 3
S .D . 1 ,9 9 2 3 ,6 1 4 - -
Number 


































In  ord er to  ex clu d e b i l i a r y  duct o b s tr u c t io n  a s  a 
s i g n i f i c a n t  c o n tr ib u t in g  cause o f  th e  marked hyperam ylasaem ia  
o b ta in e d , th e  b i l e  duct was l i g a t e d , in  a sm all c o n tr o l group 
o f  r a t s ,  above th e  le v e l  o f en try  o f  the p a n c r e a t ic  d u cts  so 
th a t  th e r e  was b i l i a r y  o b s tr u c tio n  w ith ou t p a n c r e a tic  
o b s tr u c t io n  (P rep a ra tio n  C ). T his produced no marked r i s e  
in  th e  serum am ylase l e v e l s  (T ab le XIV).
TABLE XIV. Serum Amylase L e v e ls  in  Sim ple B i l ia r y  O b stru ction
Hours a f t e r  Duct L ig a tio n
27 38 45 66
(1 )  1 ,592
(2 )  1 ,517
(3 )  1 ,762
(4 )  1 ,518
(5 )  3 ,500
(6 )  2 ,581
(7 )  1 ,953
R eadings taken from 7 r a t s  s a c r i f i c e d  a t  above tim es
(e) The Influence of Biliary Reflux in Obstructive
Pancreatitis in Rats*
( i )  I n tr o d u c t io n  In  1901, Opie rep orted  a f a t a l  ca se  
o f  a cu te  haem errhagic p a n c r e a t i t i s  in  which he had found a t  
au top sy  a g a l ls to n e  im pacted in  th e  am pulla o f  V ater , th u s  
d iv e r t in g  b i l e  in to  th e  p a n c r e a tic  d u ct. He p o s tu la te d  th a t  
th e  i r r i t a n t  b i l e  d e v i t a l i s e d  th e parenchym atous, vascu lar^  
and i n t e r s t i t i a l  t i s s u e s  o f  th e pancreas so th a t  th ey  became 
v u ln e r a b le  to  the d ig e s t iv e  ferm en ts o f the p a n c r e a tic  j u ic e ,  
n o ta b ly  t r y p s in .  L ater (1903) he p u b lish ed  fu r th e r  c l i n i c a l  
and exp erim en ta l ev id en ce  to  support h is  th e o r y . The 
a s s o c ia t io n  o f  p a n c r e a tic  d is e a s e  and d is e a s e  o f  the b i l e  
p a s sa g e s , e s p e c ia l ly  c h o l e l i t h i a s i s ,  had a lrea d y  been noted  
by a number o f  w r ite r s  (K orte , 1898; Lancereaux, 1899) but 
th e  g en era l v iew  was th a t  s ta g n a tio n  in  th e  d u cts  had f a c i l i t a t ­
ed spread o f  in f e c t io n  from th e b i l e  duct to  th e  g la n d .
Subsequent in v e s t ig a t o r s  have found th a t  a sm all V a ter in e  
sto n e  was p r esen t in  on ly  about f iv e  per cen t o f  c a se s  o f  
acu te  p a n c r e a t i t i s  (Schmieden and Seben ing, 1927; Ivy  and 
G ibbs, 1952) but in t e r e s t  in  th e  "Common Channel1' th eo ry  o f  
th e  a e t io lo g y  o f p a n c r e a t i t i s  has p e r s is t e d  w ith  spasm, oedema 
or f i b r o s i s  as o th er  p o s s ib le  cau ses  o f o b s tr u c t io n  a t  the
duodenum (Archibald, 1919),
Acute p a n c r e a t i t i s ,  however, i s  n o t a lw ays dependent upon 
th e p resen ce  o f  a "Common Channel" as i t  a ls o  occu rs in  th e  
absence o f  p a n c r e a tic  duct o b s tr u c t io n , b i l i a r y  d is e a s e yor  
b i l i a r y  r e f lu x  in to  th e p a n c r e a tic  ducts* O pinions a s  to  th e  
im portance o f th e  "Common Channel" in  th e  a e t io lo g y  o f  acu te  
p a n c r e a t i t i s  vary  co n sid erab ly*
In  s p i t e  o f  a g rea t d ea l o f study by many w orkers, th ere  
i s  l i t t l e  agreem ent as to  th e in c id e n c e  o f  an anatom ic common 
channel* Ivy  and Gibbs (1 9 5 2 ) , in  a wide survey o f th e  
l i t e r a t u r e ,  found th a t  th e rep orted  in c id e n c e  v a r ied  from 16 
to  64 per cen t w ith  an o v e r a l l  in c id e n c e  in  th e  c o l le c t e d  
s e r i e s  o f  32 per cent* S te r l in g  (1954) made an anatom ica l 
study o f  th e  am pullary reg ion  in  1 ,252  cad avers and came to  th e  
c o n c lu s io n  th a t  a fu n c t io n in g  common b i l ia r y -p a n c r e a t ic  channel 
which would perm it in te r d u c ta l r e f lu x  was p r e se n t  in  about 15 
p er c en t o f  the p op u la tion *  In s tu d ie s  made upon l i v in g  
p erso n s by o b serv in g  the frequency o f f i l l i n g  during c h o la n g io ­
graphy th e r e s u l t s  between th e v a r io u s  rep orted  s e r ie s  range 
from 9 per cen t to  41 per c^nt w ith  an o v e r a l l  average, in  a 
t o t a l  o f  1 ,434  observed  c a s e s ,  o f 35 per c e n t .  Thus b i l i a r y  
r e f lu x  in to  th e p a n c r e a tic  tr e e  would appear to  be a p o s s ib i l ity  
in  a t  l e a s t  a th ir d  o f  persons*
B ile  does n o t n e c e s s a r i ly  f lo w  in to  th e  p a n c r e a t ic  tr e e  
when th e r e  i s  an o b s tr u c tio n  d i s t a l  to  a common b i l i a r y -  
p a n c r e a t ic  ch an n el, The normal s e c r e to r y  p ressu r e  o f  th e  
p an creas i s  h ig h er  than th a t  o f b i l i a r y  s e c r e t io n  ( C a t t e l l  
and Warren, 19 5 3 ), and the freq u en t f in d in g  o f  p a n c r e a t ic  
ferm en ts  in  the g a l l  b ladder (P opper, 1933) would support th e  
view  th a t  in  th e p resen ce  o f  am pullary o b s tr u c t io n  th e r e  i s  a 
f lo w  o f  s e c r e t io n  from the p a n c r e a tic  duct system  to  th e  b i l e  
d u c ts .
The work o f  H erring and Simpson (1909 ) and E l l i o t t ,  
W illiam s and Z o ll in g e r  (1957) would in d ic a te  th a t  w ith  
o b s tr u c te d , but com m unicating, b i l i a r y  and p a n c r e a tic  duct 
system s th e  hydrodynamics p r e se n t  i s  even more co m p lica ted . 
H erring and Simpson observed  t h a t ,  when th e p a n c r e a tic  duct 
was o b str u c te d  in  c e r ta in  exp erim en ta l a n im a ls , the p ressu re  
o f  th e  p a n c r e a tic  s e c r e t io n  ro se  to  a l e v e l  c lo s e ly  approxim at­
in g  to  th a t  reached by the b i l e  in  o b s tr u c t io n  o f  th e common 
b i le  d u c t , th e  r i s e  and f a l l  o f th e p a n c r e a tic  s e c r e to r y  
a c t i v i t y  b e in g  more rap id  than th e r i s e  and f a l l  o f  th e  b i l e  
p r e s s u r e . This was confirm ed by E l l i o t t ,  W illiam s and 
Z o ll in g e r ,  who have shown th a t  ( in  th e dog) th ere  i s  a t id a l  
flo w  o f  th e  p a n c r e a tic  s e c r e t io n s  in to  th e b i l i a r y  t r a c t  and 
th en , a f t e r  24 hours or so o f  o b s tr u c t io n , th ere  i s  a r e f lu x  o f
a m ixtu re o f  b i l e  and p a n crea tic  s e c r e t io n s  ( w ith  th e  t r y p s in  
now a c t iv a t e d )  in to  th e  p a n crea tic  d u c ts .
The mere p resen ce  o f b i l e  in  th e p a n c r e a tic  d u cts  has l i t t l e  
harm ful e f f e c t  ( W hitrock, H ine, Crane, and M cCorkle, 1955) and 
th e  c o n s is t e n t  p rod u ction  o f n e c r o s is  o f th e  pancreas by th e  
in j e c t io n  o f  b i l e ,  as in  O p ie 's exp erim en ts, has been a ch iev ed  on ly  
by th e  u se  o f in j e c t io n  p ressu r es  co n s id era b ly  h ig h er  than th o se  
o ccu rr in g  norm ally (R ich  and D u ff, 1 9 36 ). E l l i o t t ,  W illiam s, and 
Z o ll in g e r  (1 9 5 9 ) , in  the experim ents p r e v io u s ly  m entioned , have 
shown th a t ,  when b i l e  and p a n crea tic  ju ic e  have been in cu b ated  
to g e th e r  fo r  12 -  24 hours are in trod u ced  in to  th e p a n c r e a tic  duct 
a t  a p h y s io lo g ic a l  p ressu re  ( 40 cm. w ater ) ,  la rg e  amounts 
r e a d i ly  perm eate in to  th e p a n crea tic  gland to  produce sev ere  
haem orrhagic p a n c r e a t i t i s .  They concluded th a t  in  th e  n a tu ra l 
d is e a s e  th e  in cu b a tio n  o f b i l e  and p a n crea tic  j u ic e s  took  
p la c e  in  th e  e a r ly  phase a f t e r  a common channel o b s tr u c t io n  
when, due to  th e h igh er  p a n crea tic  s e c r e to r y  p r e ssu r e ,  
p a n c r e a tic  j u ic e  flow ed  up th e b i l i a r y  d u cts in to  th e  g a l l
b lad d er; and th a t  haem orrhagic p a n c r e a t it i s  occurred  when, 
a f t e r  p a n c r e a tic  s e c r e t io n  was in h ib it e d ,  th e f lo w  was 
r e v e r se d . They found ex p er im en ta lly  th a t  a c r i t i c a l  q u a n tity
o f  b i l e  and p a n c r e a t ic  s e c r e t io n ,  near eq u al q u a n t i t ie s ,  
were n e c e s sa r y  both  f o r  en try  o f  th e  m ixture in to  th e  pancreas  
a t  low p ressu r e  and fo r  tru e  haem orrhagic p a n c r e a t i t i s  to  
r e s u l t .  I t  may be th a t  b i l i a r y  p a n c r e a t i t i s  can vary  w id e ly  
in  s e v e r i t y  from m ild  oedema to  overw helm ing n e c r o s is  depend­
in g  upon th e  c o n s t itu e n ts  o f  th e  s o lu t io n  i n f i l t r a t i n g  th e  
p a n c r e a s .
The most g e n e r a lly  a ccep ted  th eory  con cern in g  th e  a c t io n
o
o f  b i l e  i s  th a t  i t  a c t s  as an a c t iv a to r  o f  try p s in o g en  (O p ie , 
1903; W angensteen e t  a l ,  1931; Rich and D u ff, 1936;
D r e i l in g  and Richman, 1 9 5 4 ). I t  i s  d ou b tfu l i f  th e  a c t iv a t io n  
o f  try p s in o g en  a lon e i s  s u f f i c i e n t  to  t r ig g e r  o f f  th e  e x p lo s iv e  
o n se t  o f  haem orrhagic p a n c r e a t i t i s .  E l l i o t t  e t  a l (1 9 5 8 ) have 
shown t h a t ,  when b i l e  or tr y p s in  are p erfu sed  a t  p h y s io lo g ic a l  
p r e s su r e s  in to  the p a n c r e a tic  d u cts  o f  d ogs, l i t t l e  harm i s  
done but th e  p e r fu s io n  o f  tr y p s in  and b i l e  produces a 
haem orrhagic p a n c r e a t i t i s .  Thus i t  i s  l i k e l y  th a t  in  " b ile"  
p a n c r e a t i t i s  the b i l e  n ot on ly  a c t iv a t e s  th e try p sin o g en  but 
makes th e  gland more v u ln era b le  to  the enzyme o n s la u g h t, e i th e r  
by a d ir e c t  d e v i t a l i s in g  a c t io n  or by some e f f e c t  upon th e  
v a s c u la tu r e .  In support o f  th e  l a t t e r  mechanism i s  th e  f in d in g  
o f  Thai (1 9 5 4 ) th a t  i n t e r s t i t i a l  b i l e  m arkedly reduces lo c a l  
blood  f lo w .
I t  would appear from th e se  o b se r v a tio n s  th a t  b i l i a r y  
r e f lu x  in to  th e p a n c r e a tic  d u cts  m ight f a c i l i t a t e  th e  
p r o g r e s s io n  o f  an i n t e r s t i t i a l  p a n c r e a t i t i s  produced by 
p a n c r e a t ic  duct o b s tr u c t io n  in to  acu te p a n c r e a t ic  n e c r o s is *
( i i )  E xperim ent. In a group o f  26 r a t s  th e  common 
b il ia r y - p a n c r e a t ic  duct was t i e d  d i s t a l l y  o n ly  (P re p a r a tio n  A ), 
so th a t  th e  r e g u r g ita t io n  o f  b i l e  in to  th e p a n c r e a tic  t r e e  was 
an an atom ica l p o s s i b i l i t y .  These anim als were k i l l e d  a t  24 ,
3 6 ,  4 8 , 72 and 96 h ou rs.
( i i i )  R e s u l t s . There was v i s i b l e  b i l e - s t a i n i n g  o f  the  
d is te n d e d  p a n c r e a tic  d u cts  in  th e la t e r  s ta g e s  but ap art from  
t h i s  th e  in tr a -p e r i to n e a l  and g en era l appearances were th e  same 
as when o b s tr u c tio n  hqd been produced w ith ou t b i l ia r y  
r e g u r g ita t io n .  The serum am ylase r e s u l t s  are an a lysed  in  
Table XV and are p resen ted  in  d e t a i l  in  th e  appendix (T ab le  C .4 ) .  
The p o s t - l ig a t io n  tren d  in  th e  serum am ylase shewed a p a tte r n  
id e n t ic a l  to  th a t found in  th e  p rev io u s  experim ent w ith ou t any 
s ig n i f i c a n t  d if fe r e n c e  between th e  l e v e l s  in  th e correspon d in g  
groups ( F ig .  9 ) .
( i v )  C on c lu sio n . In th e se  ra t experim ents th e  r e f lu x  o f  
b i l e  in to  th e  p a n c r e a tic  d u c ts , which was v i s i b l e  both m acro- 
s c o p ic a l ly  and m ic r o sc o p ic a lly ,  f a i l e d  a p p rec ia b ly  to  a l t e r  the  
cou rse  o f  th e  ex p e r im e n ta lly  induced  o b s tr u c t iv e  p a n c r e a t i t i s .
TABLE XV* Serum Amylase in  O b stru ctiv e  P a n c r e a t i t i s  w ith
Biliary Refills
P o s t-L ig a t io n  Serum Ainylase (u n its /lO O  m l*)
24 Iirs* 36 hrs* 48 hrs* 72 h r s . 96 h r s .
Range 1 6 ,2 3 6 -
4 ,8 7 6
1 8 ,4 9 2 -
7 ,9 4 5
1 5 ,7 9 8 -
5 ,2 5 2
2 ,3 5 8 -
1 ,240
1 ,8 2 4 -7 8 4
Mean 11,000 11,530 9 ,8 9 0 1 ,710 1 ,2 8 3
S ,D . 3 ,584 3 ,039 3 ,154 543 436
No. o f  
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2. INFLUENCE OF DRUGS ON COURSE OF PANCREATITIS
( a )  G a n g lio n -b lo ck in g  A gents
( i )  I n tr o d u c t io n . In th e  treatm en t o f a cu te  p a n c r e a t i t i s  
w ith  a tr o p in e  or th e  newer g a n g lio n -b lo c k in g  a g e n ts , th e  e f f e c t  
d e s ir e d  i s  to  produce a chem ical ’’v a g o to n y .” As a r e s u l t  o f  
P a v lo v 1s  work on p a n c r e a tic  s e c r e t io n  in  th e  dog i t  has been  
a cce p te d  th a t  s t im u la t io n  o f the vagus r e s u l t s  in  an in c r e a se d  
s e c r e t io n  o f p a n c r e a tic  enzymes and from t h i s  i t  has been  
assumed th a t  the ’’enzyme co n ten t o f  p a n c r e a tic  ju ic e  i s  determ in­
ed by th e  vagus n e r v e ” (M ellanby, 1 9 2 5 ). I t  seems l i k e l y ,  
how ever, th a t  th e  va g i are n o t th e on ly  so u rces  o f secretom otor  
s t im u li  rea ch in g  th e  pancreas and th a t  th ere  i s  a p e r ip h e r a l  
r e f l e x  mechanism which r e c e iv e s  s t im u li i n i t i a t e d  lo c a l ly  as  
w e ll a s  s t im u li tr a n sm itte d  from th e c e n tr a l nervous system  by 
th e  vagus n erv es (Thomas and C rid er , 1 9 4 4 ).
I t  i s  l e s s  w ell-know n how fa r  p a n c r e a tic  s e c r e t io n  i s  
a f f e c t e d  by a b o lit io n  o f vaga l a c t i v i t y .  R outley  e t  a l  (1950)  
found, as a r e s u l t  o f t h e ir  anim al ex p erim en ts, th a t  vagotomy 
produced no s t a t i s t i c a l l y  s ig n i f i c a n t  d is tu rb a n ce  in  e x te r n a l  
p a n c r e a t ic  fu n c t io n , which was in  agreem ent w ith  th e e a r l i e r  
in v e s t ig a t io n s  o f  Thomas and C rider (1 9 4 4 ) . T h is t le th w a ite
(1 9 5 1 ) found th a t  vagotomy in  dogs (e x c lu d in g  th e  immediate
p o s to p e r a t iv e  p hase) caused a red u ctio n  o f  about 20 p er  cen t  
both  in  am ylase co n ten t and in  th e  volume o f  th e  p a n c r e a t ic  
se c r e t io n *
Xh man. S h in g le to n , F a v c e tt  and V e tte r  (1 9 5 0 ) found t h a t ,  
a f t e r  vagotom y, th e  average r e s t in g  volume o f  th e  p a n c r e a t ic  
s e c r e t io n  was h ig h er  than normal but th a t  th ere  had been  
produced a com plete b lockage o f  response to  in tra v en o u s s e c r e t in *  
P f e f f e r ,  Stephenson and Hinton (1 9 5 2 ) rep orted  t h a t ,  f o l lo w in g  
vagotom y, th e  enzyme output and t o t a l  volume o f  p a n c r e a tic  
s e c r e t io n  was reduced by alm ost tw o -th ir d s  but i t  should  be 
n oted  th a t  during th e se  in v e s t ig a t io n s  th e  pancreas was 
m ain ta in ed  in  a s t a t e  o f con tin u ou s maximal s e c r e t io n  by means 
o f  in tra v en o u s s e c r e t in *
A s im ila r  p a ttern  o f resp on se has been ob ta in ed  through  
“chem ica l vagotomy” w ith  g a n g lio n -b lo c k in g  a g en ts  ( T h is t le t h w a it e , 
1951; A nnis and H allen b eck , 1950; S h in g le to n  e t  a l* ,  1950; and 
o th e r s )*  P f e f f e r  and Hinton (1 9 5 0 ) ,  u s in g  duodenal drainage and 
maximal s t im u la t io n  o f  p a n c r e a tic  s e c r e t io n  w ith  s e c r e t in  and 
in s u l in ,  found th a t  “Probanthine" reduced th e  volume o f  
p a n c r e a t ic  ju ic e  52*6 per c e n t ,  b icarbon ate  co n cen tra tio n  2 6 .4  
p er c e n t and s ig n i f i c a n t l y  reduced th e am ylase ou tput in  s ix  ou t 
o f te n  p a t ie n t s  t e s t e d .  S in c la ir  (1956) and Boba and Korkosz 
(19 5 7 ) found "Probanthine" e f f e c t i v e  in  th e trea tm en t o f e x te r n a l
p a n c r e a t ic  f i s t u l a e  w ith  marked red u ctio n  in  th e  volume o f  th e  
s e c r e t io n .
From th e se  f in d in g s  i t  would appear th a t  vagotomy has 
l i t t l e  or no e f f e c t  upon th e r e s t in g  p a n c r e a tic  s e c r e t io n  and 
th a t  i t s  in h ib i t in g  e f f e c t  i s  marked o n ly  in  th e  a c t iv a te d  
p a n crea s . I t  i s  e f f e c t i v e  in  b lo ck in g  th e w ater , b ica rb o n a te  
and enzyme response o f  the pancreas to  in tra v en o u s s e c r e t in  
(S h in g le to n  e t  a l . ,  1 9 50 ), hypoglycaem ia (B abkin , 1950;
R ou tley  e t  a l . ,  1950; D r e il in g  e t  a l . ,  1 9 5 2 ), p ep ton e, hydro­
c h lo r ic  a c id  and food  in  th e  upper in t e s t in e  (Thomas and 
C rid er , 1944; Annis and H allen b eck , 1950) and p sy ch ic  s t im u li  
(R o u tley  e t  a l . ,  1 9 5 0 ).
I t  seems from th e se  r ep o r ts  a lso  th a t  th e  e f f e c t  o f  
g a n g lio n -b lo c k in g  a g en ts  upon p a n c r e a tic  s e c r e t io n  may be 
g r e a te r  than th a t  ob ta in ed  by s u r g ic a l vagotom y. P o s s ib ly  
th e se  su b sta n ces have a more w idespread b lock ad in g  a c t io n  upon 
th e  p e r ip h e r a l r e f l e x  mechanisms than can be ach ieved  by an 
o p e r a tio n  lim ite d  to  d iv id in g  th e long a s s o c ia t io n  pathways 
from th e  c e n tr a l nervous system . In the l i t e r a t u r e  con cern in g  
th e  e f f e c t s  o f  vagotomy upon th e course o f  p a n c r e a tic  d is e a s e ,  
r e p o r ts  are a lso  c o n f l i c t in g .  S c h a ffe r z ic k  e t  a l .  (19 5 1 ) found  
th a t ,  when th e p a n c r e a tic  d u cts were t ie d  in  p r e v io u s ly  vagotom - 
i s e d  d o g s, th e  r e s u lta n t  r i s e  in  th e serum am ylase was l e s s
pronounced and l e s s  su sta in e d  than in  dogs w ith  t h e ir  v a g i  
i n t a c t ,  though th e  d if fe r e n c e  was s t a t i s t i c a l l y  s ig n i f i c a n t  
o n ly  from th e  th ir d  p o s t - l ig a t io n  day onwards. The accompany­
in g  m icr o sc o p ic  changes in  th e  pancreas v a r ie d  in  d eg ree , 
in flam m atory c e l l  i n f i l t r a t i o n ,  haem orrhages, a c in a r  n e c r o s i s f 
and f a t  n e c r o s is  b e in g  on the whole more marked in  th e  c o n tr o l  
s e r i e s .  In  t h e ir  experim ents s t im u la t io n  o f  th e  p a n c r e a tic  
s e c r e t io n  was m aintained  a f t e r  l i g a t io n  o f  th e  p a n c r e a tic  d u cts  
by tu b e - fe e d in g  th e  dogs w ith  evaporated  m ilk .
Khedroo (1957) produced exp erim en ta l haem orrhagic 
p a n c r e a t i t i s  in  dogs by l ig a t io n  o f  p a n c r e a tic  d u cts  a f t e r  
re tro g ra d e  in j e c t io n  o f b i le - t r y p s in  m ix tu re , and found th a t  
vagotomy had no e f f e c t  upon th e  n lo r ta l ity ,  th e  s e v e r i t y  o f  the  
a cu te  p a n c r e a t i t i s  or th e serum amylase l e v e l s .  Kusunoki 
(1 9 3 6 ) a ls o  found th a t  vagotomy had no e f f e c t  upon th e  course  
o f  exp erim en ta l p a n c r e a t i t i s .
More dram atic r e s u l t s  were ob ta in ed  by S h in g le to n  e t  a l .
(1 9 5 2 ) u s in g  "Banthine" as a v a g a l-b lo c k in g  a g e n t. They used  
two dog p r e p a r a tio n s . In th e f i r s t ,  oedem atous p a n c r e a t i t i s  
was induced  by l ig a t io n  o f p a n c r e a tic  d u cts and p a n c r e a tic  
s t im u la t io n  w ith  in traven ou s p ilo c a r p in e  and s e c r e t in ;  and in  
th e  second acute p a n c r e a tic  n e c r o s is  was induced by l i g a t io n
o f  p a n c r e a t ic  d u cts and retrograd e in j e c t io n  o f  b i l e —tr y p s in  
m ixture* In th e  form er group, trea tm en t w ith  B anthine  
reduced th e p o s t—o p e r a tiv e  r i s e  in  th e serum a s y la s e  by 
n e a r ly  two—th ir d s  and the r e a c t iv e  changes in  th e  p an creas  
were l e s s  marked; in  the l a t t e r  group B anthine reduced th e  
m o r ta lity  from seven  ou t o f ten  to  th ree  ou t o f  ten  and the  
mean serum amylase l e v e l s  were reduced by about a q u arter  
compared w ith  th e co n tr o l dogs*
I t  appears from th e se  r e p o r ts  th a t  th e  b lo c k in g  o f  v a g a l 
im p u lse s , whether by su r g ic a l or chem ical means, has in  g en era l 
s u r p r is in g ly  l i t t l e  e f f e c t  upon th e course o f exp erim en ta l 
p a n c r e a t i t i s  whether measured by co n tro l o f hyperam ylasaem ia, 
p a n c r e a t ic  changes or crude m o r ta lity  r a t e s .  When e f f e c t i v e  
resp o n ses  were o b ta in e d , as in  th e  experim ents o f  S c h a ffa r z ic k  
e t  a l .  ( l 9 5 l )  and S h in g le to n  e t  a l . (1 9 5 2 ) , th e  an im als used  
were dogs in  which maximal p a n c r e a tic  s e c r e t io n  fo llo w in g  
l i g a t io n  o f  th e  p a n c r e a tic  d u cts  was m ain ta ined  by tu b e -fe e d in g  
or th e  in a c t io n  o f  s e c r e ta g o g u e s .
( i i )  E xperim ents. I have s tu d ied  th e e f f e c t s  o f  two 
g a n g lio n -b lo c k in g  drugs upon p a n c r e a tic  s e c r e t io n  in  th e r a t ,  
both in  th e p resen ce and absence o f  p a n c r e a tic  duct o b s tr u c t io n .  
The drugs s tu d ied  are reputed to  d i f f e r  in  t h e ir  mode o f a c t io n .
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They a r e :
A* P rop a n th e lin e  Bromide -
HProbanthine" (C . D. S ea r le  & C o .) ;
B . H yoseine N -butylbrom ide —
"Buseopan" (C . H. B oehringer Sohn).
A. P ro p a n th e lin e  Bromide -  "Probanthine"
1 . I n tr o d u c t io n . "Probanthine" i s  the methobromide 
s a l t  o f  a quarternary amine (2 -d iis o p r o p y l amine e th y l  
x a n th e n e -9 -c a r b o x y la te  m ethobrom ide)• I t  has a p o te n t  a n t i ­
c h o lin e r g ic  a c t io n ,  b e in g  2-4  tim es as a c t iv e  as a tro p in e  
su lp h a te  in  producing n e u r o -e f fe c to r  b lockade a t  the para­
sym p ath etic  te r m in a t io n s . In la r g e r  d oses i t  produces a 
g a n g lio n ic  b lock ad e, sym pathetic and p arasym pathetic (Schw artz  
e t  a l . ,  1 9 5 3 ). Thus th e p r in c ip a l s i t e  o f a c t io n  i s  the  
p arasym path etic  system  but i t  e x e r ts  a s in g le  and l e s s e r  
a c t io n  upon the sym pathetic  system .
2 .  Method.' White W istar r a t s  o f approxim ately  250 G.
in  w eigh t were aga in  u sed . In the f i r s t  group o f  ex p erim en ts, 
s ix  r a t s  were in je c te d  w ith  "Probanthine" 0 .5  mg. tw ice  d a ily  
( 4 .0  m g./K g. body w eig h t/d a y ) in tr a m u sc u la r ly . This dose o f  
4 .0  m g./K g. body w eigh t tw ife  d a i ly  was th a t  found , a f t e r  t r i a l ,  
to  g iv e  th e  maximum response w ith ou t s ig n s  o f t o x i c i t y .  The
serum am ylase l e v e l s  were measured a f t e r  48 hours* In  th e  
second group o f exp er im en ts, th e  r a t s  had t h e ir  common b i l i a r y -  
p a n c r e a t ic  d u cts  t i e d  a t  the duodenum in  th e  manner a lr ea d y  
d escr ib ed *  They a ls o  were g iven  "Pro ban t h in e 11 in  th e above 
dosage and groups o f  r a ts  were s a c r i f i c e d  a t  24 , 36 , 4 8 , 72 and 
96 hours*
3* R e s u l t s s (a )  E f f e c t  o f "Probanthine" on the Normal 
R a t. The r a t s  t o le r a te d  the dosage o f 4*0 m g./K g. body w eigh t 
w ith o u t any apparent i 1 1 - e f f e c t s .  In Table XVI are g iv en  th e  
serum am ylase l e v e l s  found in  th e  s ix  r a ts  a f t e r  48 hours o f  
"Probanthine" and the r e s u l t s  are a n a ly sed . "Probanthine"  
caused a s ig n i f i c a n t  d ep ress io n  o f th e serum am ylase (u s in g  the  
t - t e s t ,  P ^ - 0 . 0 l )  compared w ith  th e  c o n tr o l s e r i e s .
TABLE XVI. E f f e c t  o f "Probanthine" on Serum Amylase in
A lbino R ats (W istar S t r a in )
D oses "Probanthine" 0 .5  mg. b . i . d .
(4 .0  m g./K g. body w e ig h t/d a y )
Number o f R a tss 6
R eadings O btained? 1 ,7 4 0 ; 1 ,3 6 8 ; 1 ,2 9 0 ; 1 ,2 6 6 ;  1 ,1 8 9 ; 1 ,180
Means 1 ,340  u n it s /1 0 0  ml*
Standard D e v ia t io n s 208 u n it s /1 0 0  m l.
A.M. -  2 x S .D .s  1 ,756  -  1 ,124  u n it s /1 0 0  ml*
(b )  E f f e c t  o f P a n cre a tic  Duct L ig a tio n  and " P robanth ine."  
T w en ty -six  r a ts  su rv iv ed  t h e ir  a l l o t t e d  tim e and th e  fo llo w in g  
are th e  f in d in g s  in  th e se  c a s e s :
Serum A m ylase: The serum am ylase l e v e l s  are g iv en  in
d e t a i l  in  Table C .5 in  th e  appendix and th e  r e s u l t s  are  
a n a ly sed  in  th e accompanying Table XVII. They are a ls o  
i l l u s t r a t e d  g r a p h ic a lly  in  F ig .  10 , where th e  mean v a lu e s  o f  
th e  rea d in g s  o b ta in ed  are con n ected  by a con tin u ou s l i n e .
24 , 36 and 48 hours a f t e r  l i g a t io n  o f  th e  d u c t, serum 
am ylase rea d in g s were n ot low er than th o se  found in  r a t s  n o t  
r e c e iv in g  "Probanthine." In  f a c t ,  a t  th e se  t im e s , th e  
rea d in g s  were a t  a h ig h er  average le v e l  than in  th e  c o n tr o l  
s e r i e s ,  though th e  d if f e r e n c e s  in  th e  means are n o t s t a t i s t i c a l l y  
s i g n i f i c a n t .
72 hours a f t e r  duct l i g a t io n ,  the serum amylase was s t i l l  
m arkedly e le v a te d .  The range was 1 9 ,6 1 3 -5 ,5 2 0  u n it s  w ith  a 
mean o f  9 ,4 6 8  u n it s  and a Standard D ev ia tio n  o f  4 ,7 0 0  u n i t s .
There i s  a s t a t i s t i c a l l y  s ig n i f i c a n t  d if f e r e n c e  between th e se  
r e s  u l t s  and th o se  ob ta in ed  in  th e c o n tr o l s e r i e s  a t  72 hours 
(P <  0 .0 1 ,) .
By 96 hours a l l  the r a ts  t e s t e d  had serum am ylase l e v e l s  
a t  normal or below normal l e v e l s .
129.
TABLE XVII.  L ig a tio n  o f  B il ia r y -P a n c r e a t ic  P a ct and "Probanthineft
P o s t-L ig a t io n Serum Amylase (u n it s /1 0 0  m l.)
24 h r s . 36 h r s . 48 h r s . 72 h r s . 96 h r s .
Range 1 7 ,2 4 5 -
8 ,551
1 8 ,9 0 7 -
10,070
1 1 ,5 2 9 -
6 ,533
1 9 ,6 1 3 -
5 ,5 2 0
2 ,1 9 4 -9 0 1
Mean 13,717 14 ,646 9 ,6 6 4 9 ,4 6 8 1 ,560
S .D . - 3 ,131 - 4 ,7 0 6 444
N® • o f  
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Other F in d in g s . The r a t s  in  t h i s  s e r i e s  appeared to  be 
more i l l  and to  have more abdominal d is t e n s io n ,  e s p e c ia l ly  in  
th e  f i r s t  48 h ou rs, than in  th e  c o n tr o l s e r ie s *  T his 
d is t e n s io n  appeared to  be due to  in cr ea se d  i le u s *  An 
a r b itr a r y  measurement o f the amount o f bowel d is t e n s io n  p r e se n t  
a t  laparotom y was made w ith  grad in g  from + to  + 4 4- (T ab le  X V IIl)*
Compared w ith  th e c o n tr o l s e r i e s ,  th e r e  was no d if f e r e n c e  
in  th e  appearance o f  the pancreas which was sw o lle n , oedem atous 
and som etim es v i s i b l y  b i le - s t a in e d  in  th e  la t e r  s ta g es*  The 
b i l e  and p a n c r e a tic  d u cts  however seemed to  be l e s s  d is ten d ed  
than th o se  in  th e c o n tr o l s e r ie s  which had been o b str u c te d  fo r  
th e same le n g th  o f  tim e and t h i s  was supported m ic r o sc o p ic a lly  
by th e  slow er appearance o f globuJ.es o f  s e c r e t io n  w ith in  th e  
a c in a r  c e l l s *  These e f f e c t s  were s im ila r  to  th o se  found w ith  
wBuscopan*M
There appeared to  be no s ig n i f ic a n t  d im in u tion  in  th e  
amount o f  f a t  n e c r o s is  p r e se n t  compared w ith  th e  c o n tr o l  
s e r i e s  (T ab le X V III)•
TABLE m g . E f f e c t  o f  G a h g l i o n -b l o c k i n g  Agents  upon I l e u s  and
F a t  N e c r o s i s  in  E x p e r im e n ta l  O b s t r u c t i v e  P a n c r e a t i t i s *
Durn. C ontrol Probanthine Buscopan
OI
Obst • I le u s F . N . S . A. I le u s F . N . S.A . I le u s F . N . S . A .
0
\
<4'+ 12,271 ++ ++ 8 ,551 + 0 14 ,848
24 hrs + + 10,083 + + 15,357 0 0 14,389
0 + 14,479 ++ + 17,245 0 + 10 ,558
0 + 11,241 • 9 • 0 + 15 ,892
+ -H- 8 ,4 1 3 . 9 • 0 0 9 ,8 4 1
+ +++ 18,492 ++ ++ 18,907 + 0 14,727
0 0 13,891 ++ + 16,804 0 ++ 13,124
36 hrs 0 + 13,605 ++ ++ 15,661 0 + 11 ,995
+ ++ 12,314 ++ + 12,855 0 0 8 ,5 4 6
+ + 10,942 ++ + 13,571 0 + 7 ,9 5 7
+ + 12 ,285 • • • + 0 12,430
+ + + 10,445 +++ + 11,529 0 0 9 ,7 5 0
18 hrs ++ + 9 ,4 8 3 ++ ++ 10,929 0 + 9 ,2 9 9
+ ++ 7 ,4 8 6 - 6 ,533 + + 8 ,8 8 2
+ + 5 ,252 • • • 0 0 8 ,0 8 0
•fc + 1,288 ? + 12,227 0 + 10 ,242
0 0 1,958 ? + 10,734 0 + 6,810
72 hrs 0 + 1,240 ? + 7 ,3 4 6 + +++ l b , 042
+ + 2 ,358 ? 0 6 ,958 0 ++ 6 ,373
0 ++ 2 ,343 0 0 5 ,520 0 0 8 ,5 3 6
S.A# Serum Amylase (mg.^)  F .N. F a t  N e c r o s i s
+ few s p o t s
++ L o c a l i s e d  patch  
+++ Widespread
++-H- E x t e n s i v e  both  i l i t r a -  and 
e x t r a p e r i t o n e a l
B. H yoseine N—b u ty l bromide — MBuscopanH
1* I n tr o d u c t io n . ,tBusc©pan,, i s  a quaternary ammonium 
compound produced s y n th e t ic a l ly  from Scopolam ine. I t  i s  a 
g a n g lio n -b lo c k in g  agen t w ith , i t  i s  c la im ed , an alm ost 
s p e c i f i c  e f f e c t  upon the g a n g lia  o f  the p arasym path etic  chain  
and l i t t l e  or no e f f e c t  upon th e  parasym path etic  n e u r o -e f f e c to r s .
E r lsb a ch er  and G eisb erger (19 5 4 ) tr e a te d  25 p a t ie n t s  w ith  
a c u te , subacute and ch ron ic  p a n c r e a t i t i s  and claim ed a good 
th e r a p e u tic  resp o n se , e s p e c ia l ly  in  p a t ie n t s  w ith  acu te  
p a n c r e a t i t i s .
2 .  Method. As in  the p rev io u s  exp er im en ts, a lb in o  
W istar r a t s  o f  about 250 G. in  w eigh t were u se d . "Buscopan" 
was in j e c t e d  in tra m u scu la r ly  in  a dosage o f  0 .4  mg. b .d .  ( 3 .0  m g ./  
Kg. body w e ig h t/d a y ) .
(a )  S ix  r a ts  were g iven  "Buscopan” fo r  48 hours and then  
th e  serum amylase was exam ined.
(b )  Tw enty-seven r a ts  had th e  common b il ia r y -p a n c r e a t ic  
duct t i e d  between l ig a tu r e s  d i s t a l l y  and were g iven  "Buscopan" 
in  th e  above d osage . B ats were k i l l e d  a t 24 , 36 , 4 8 , 72 and 96 
hours and had a serum amylase e s tim a tio n  and gen era l autopsy  
exam in ation .
3 .  R e s u lts :  (’a ) The E f f e c t  o f t,Buscopantt upon th e
Serum Amylase S e c r e tio n  in  Normal R a ts . The r e s u l t s  are  
recorded  in  Table XIX. The mean serum am ylase le v e l  i s  1 ,1 3 5  
w ith  a standard d e v ia t io n  o f  207 u n it s /1 0 0  m l. When compared 
w ith  th e  normal mean o f  1810 and S. D. ^ 228 , th e  d e p r e ss io n  
in  th e  serum am ylase le v e l  i s  s i g n i f i c a n t ,  P b e in g  <  0 .0 1 .
TABLE XIX. E f f e c t  o f "Buscopan” on Serum Amylase in  A lb ino
R ats (W istar  S tr a in )
D ose: "Buscopan” 0 .4  mg. b .d . fo r  48 hours
(3 .0  m g./K g. body w e ig h t/d a y )
Number o f  R a ts : 6 o f  260 G. average w eigh t
R eadings O btained: 1 ,4 4 5 ; 1 ,3 3 5 ; 1 ,0 9 7 ; 1 ,0 2 3 ; 960; 953
Mean; 1 ,1 3 5  u n it s /1 0 0  m l.
Standard D e v ia t io n : 207 u n it s /1 0 0  m l.
A.M. -  2 x  S .D .: 1 ,549  -  721 u n it s /1 0 0  m l.
( b) The E f f e c t  o f "Buscopan" and B il ia r y -P a n c r e a t ic  Duct 
O b stru ction  upon the Serum Am ylase. The r e s u l t s  o b ta in ed  are 
g iven  in  Table XX and shown g r a p h ic a lly  in  F ig .  11 . I t  w i l l  
be ob served  th a t  24 , 36 and 48 hours a f t e r  duct l i g a t io n ,  as w ith  
" P ro b a n th in e ,’1 r e s u l t s  were w ith in  the range ob ta in ed  in  th e  
c o n tr o l s e r i e s .  The serum am ylase l e v e l s  were s t i l l  s ig n i f i c a n t ­
ly  e le v a te d  a t  72 hours and near normal l e v e l s  were n o t
TABLE XX. Ligation of Biliary-Pancreatic Pact and "Buscopan"
P o s t-L ig a t io n  Serum Amylase (u n its /lO O  m l.)
24 hrs« 36 hrs* 48 h r s . 72 h r s . 96 h r s .
Range 1 5 ,8 9 2 -
9 ,8 4 1
1 4 ,7 2 7 -
7 ,957
1 2 ,4 3 0 -
6 ,945
1 0 ,2 4 2 -
5 ,6 2 6
2 ,0 0 8 -
1 ,328
1
Mean 13,343 11,269 8 ,9 0 6 7 ,9 3 8 1 ,7 7 5
S .B . 2 ,500 2 ,9 3 3 1 ,755 1 ,958 -
No. o f  
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en cou n tered  u n t i l  96 hours a f t e r  l ig a t io n *
The appearances o f  th e  pan creas were s im ila r  to  th o se  in  
th e  p r e v io u s  exp erim en ts but th e fo llo w in g  e x tr a  o b se r v a tio n s  
were made:
i .  Degree o f  Duct D is t e n s io n : The d iam eters o f  th e
d is te n d e d  common b i l ia r y -p a n c r e a t ic  d ucts as found in  r a ts  24, 
4 8 , 72 and 96 hours a f t e r  d i s t a l  l ig a t io n  o f  the d u cts were 
m easured lay photographing th e s a c r i f i c e d  r a t s  w ith  a measure 
a lo n g s id e  th e  opened abdomen. The photographs were then  
p r o je c te d  on to  a screen  and the diam eter o f  the b i l i a r y -  
p a n c r e a t ic  duct im m ediately  below  th e lowerm ost h e p a tic  duct 
was m easured. Ten "B uscopan"-treated  r a ts  and e lev en  c o n tr o l 
r a t s  were examined in  t h i s  way. The mean v a lu e s  ob ta in ed  
(T ab le XXI) confirm ed th a t  th ere  was l e s s  duct d is te n s io n  in  
th e  "BuscopanM- tr e a te d  r a ts  than in  th e c o n tr o l r a ts  during  th e  
f i r s t  fo u r  days o f  the experim ent.
i i .  A cinar E c t a s ia : H is to lo g ic a l  exam ination  o f  th e  
p an creas a t  the v a r io u s  in te r v a ls  a f t e r  duct l i g a t io n  showed 
th a t  th e r e  was a slow er developm ent o f g lo b u le s  o f r e ta in e d  
s e c r e t io n  w ith in  th e a c in i in  the "B uscopan"-treated  r a t s  than  
in  th e  c o n tr o ls  (F ig .  1 2 ) .
TABLE XXI» D iam eter o f  B i l ia r y —P a n cre a tic  P act A fte r  
L igation *  (C ontro l and nBuscopanM S e r ie s )
P o s t -  
Li g a t io n  
I n te r v a l  
(H onrs)
Mean Diam eter B-P Duct ( in  ism.)
C ontrol "Buscopan"
24 2*8 1 .5
48 3 .9 2 .8
72 4 .8 4 .0
96 5 .6 4 .8
  1 3 9 ,
F i g u r e  12 .
H i s t o l o g i c a l  A p p e a r a n c e s  o f  P a n c r e a s  i n  B u s c o p a n - t r e a t e d  and
C o n t r o l  Rats
( a )  P a n c r e a s  a f t e r  4 8  h o u r s  
o b s t r u c t i o n  i n  
B u s c o p a n - t r e a t e d  rati*
( x  2 2 5 .  H & E. )
( b )  P a n c r e a s  a f t e r  4 8  h o u r s  
o b s t r u c t i o n  i n  u n t r e a t e d  
r a t ,
( x 2 2 5 .  H & E. )
i i i .  Enzyme C ontent o f th e  R etained  P a n c r e a tic  S e c r e t io n : 
l a  s e v e r a l r a t s ,  f lu id  was a sp ir a te d  from th e  d isten d ed  d u cts  
and m easured fo r  am ylase con ten t (T able XXII) •  There was no
d if f e r e n c e  between th e two s e r ie s  in  the ra th er  approxim ate  
r e s u l t s  ob ta in ed  and th ere  was no ev idence forthcom ing  th a t  the  
"Buscopan" had produced a s e l e c t iv e  red u ctio n  in  th e enzyme 
co n ten t o f  th e p a n c r e a tic  s e c r e t io n .
Other F in d in g s . There appeared to  be l e s s  in tr a p e r ito n e a l  
f a t  n e c r o s is  p r e se n t compared w ith  e i th e r  th e "Probanthine" or  
c o n tr o l s e r ie s  (T ab le XVIII) .  A lso  i t  was observed  th a t  th e
amount o f  i l e u s  p r e se n t  appeared to  be l e s s  than in  th e  
‘'Probanthine" s e r ie s  and p o s s ib ly  a ls o  l e s s  than in  th e  c o n tr o l  
s e r i e s  (T ab le X V II l) .
The a s p ir a te  on each o cca sio n  was d i lu te d  100 tim es  b efore  
b e in g  te n te d  by th e  iod om etric  method*
TABLE XXII. Amylase Content of Retained Secretions after
B ilia r y -P a n c r e a t ic  Duct O b stru ctio n  
( C ontrol and "Buscopan" S e r ie s )
D uration  o f  
Duct
L ig a t io n
(H ours)
Amylase Content (lod oraetr ic  U nits/lO O  m l.)
C ontro ls "Buscopan"
24 400 ,000 266,000
200,000
200,000







( i i i ) .  D is c u s s io n .  In th e r a t ,  dosage w ith  e i t h e r  
"Probanthine" or "Buscopan" d ep ressed  p a n c r e a tic  s e c r e t io n  as  
m easured by the le v e l  o f  the am ylase in  th e b lo o d . In  s p i t e  
o f  t h i s  apparent red u ctio n  in  se c r e to r y  a c t i v i t y  o f  th e  pancreas  
th e se  drugs d id  n o t reduce a t  a l l  the degree o f  hyperam ylasaem ia  
f o l lo w in g  p a n c r e a tic  duct o b s tr u c t io n . The d u ra tion  a ls o  o f  
th e  hyperam ylasaem ia was prolonged  so th a t  h igh  b lood  l e v e l s  
were s t i l l  p resen t a f t e r  72 h ou rs, whereas in  th e  c o n tr o l s e r ie s  
a f t e r  th e  same le n g th  o f tim e the amylase co n ten t o f th e  b lood  
was no lo n g er  r a is e d .
The duct d is te n s io n  and a c in a r  e c t a s ia  found in  th e drug- 
t r e a te d  r a t s  was o f  r e la t iv e l y  l e s s  degree than in  th e co n tr o l  
an im als and t h i s  p ro v id es  ev id en ce  to  support th e v iew  th a t  the  
hyperam ylasaem ia was prolonged because "Probanthine" and 
"Buscopan" reduced th e ra te  o f  s e c r e t io n  in  th e  pancreas  
s u f f i c i e n t l y  to  d e lay  th e o n se t o f d is te n s io n  d e s tr u c t io n  o f  
th e  s e c r e to r y  e p ith e liu m .
Thus th ere  seems in  my experim ents to  be co n firm ation  fo r  
th e  v iew  th a t  "Probanthine" and "Buscopan" reduce the se c r e to r y  
a c t i v i t y  o f the p a n creas. Some ex p la n a tio n  i s  however 
n e cessa ry  to  account fo r  the p e r s is te n c e  o f a h igh  b lood  amylase 
l e v e l  during the f i r s t  48 hours a f t e r  p a n c r e a tic  duct
o b str u c tio n *  T his i s  due n o t to  any in c r e a se  in  th e  t o t a l  
p a n c r e a t ic  s e c r e t io n  but to  th e d iv e r s io n  o f  a g r e a te r  p a r t  
o f  th e  s e c r e t io n  in to  th e i n t e r s t i t i a l  t i s s u e s  o f  th e  pancreas*  
N orm ally th e  amount o f p a n crea tic  s e c r e t io n  p a ss in g  in to  th e  
b lood  stream  i s  sm a ll, probably about one per cen t o f  th e  t o t a l  
s e c r e t io n ,  but in  acu te p a n c r e a t i t i s  the p e r m e a b ility  o f  the  
gland  i s  profoundly  a lt e r e d , r e s u lt in g  in  f lo o d in g  o f th e  
i n t e r s t i t i a l  t i s s u e s  w ith  s e c r e t io n ,  s u f f i c i e n t  to  obscure the  
l e s s e r  changes consequeht on p a r t ia l  red u ctio n  o f th e  t o t a l  
p a n c r e a t ic  s e c r e t io n .  In th e "B uscopan"-treated  r a t s ,  l e s s  
in tr a p e r ito n e a l  f a t  n e c r o s is  was ob served , in d ic a t in g  th a t  th ere  
had been some red u ctio n  in  the s p i l l  o f enzymes n ot r e f l e c t e d  
in  th e  serum am ylase.
S c h a ffe r z ic k  e t  a l .  (1951) and S h in g le to n  e t  a l .  (1952)  
were a b le  to  dem onstrate some red u ctio n  in  th e  serum am ylase 
l e v e l s  in  t h e ir  d ogs, but in  t h e ir  experim ents (though n o t in  
my exp erim en ts w ith  r a t s )  maximal p a n c r e a tic  s e c r e t io n  wan 
a r t i f i c i a l l y  m aintained  throughout. While under th e se  
c o n d it io n s  an exaggerated  resp on se from "vagotomy" would be 
ex p ected  in  a h y p e r se c r e tin g  p a n creas, th e  c o n d it io n s  are n o t  
com parable to  th o se  in  c l i n i c a l  p r a c t ic e  where a n c i l la r y  m easures 
to  reduce p a n c r e a tic  s e c r e t io n  are r o u t in e ly  em ployed.
The v a sc u la r  s t a t e  o f th e pancreas a ls o  p la y s  some p a rt  
in  d eterm in in g  th e  le v e l  o f a n y la se  in  th e  blood* A good 
blood  f lo w  f a c i l i t a t e s  the c lea ra n ce  o f e x tr a v a sa te d  
s e c r e t io n  w ith  th e  p roduction  o f a h igh er  b lood  enzyme co n ten t  
than would be found w ith  the same amount o f  e x tr a v a sa t io n  but 
a l e s s e r  b lood  f lo w .
The o n ly  o b je c t iv e  s id e - e f f e c t  th a t was observed  w ith  the  
g a n g lio n -b lo c k in g  a g en ts  was th e  apparent in c r e a se  in  i l e u s  
w ith  "Probanthine."  P a r a ly t ic  i l e u s  i s  a w ell-know n s id e -  
e f f e c t  o f  c e r ta in  o f the g a n g lio n -b lo c k in g  drugs and indeed  i t  
may be sev ere  enough to  c o n s t itu te  a s u r g ic a l emergency (Grant 
and Boyd, 19 5 7 ). Roba£k and Beal (1953) have dem onstrated  
th a t  "Probanthine" by mouth in  th e r a p e u tic  d oses produces a 
marked and pmiLonged in h ib it io n  o f stomach and bowel m o t i l i t y .  
T his i s  a p a r t ic u la r ly  u n d e sira b le  s id e - e f f e c t  to  encounter  
d u rin g  th e treatm en t o f sev ere  p a n c r e a t i t i s  which i s  i t s e l f  
fr e q u e n t ly  com plicated  by p e r s is t e n t  and troublesom e i l e u s .
I t  was th e r e fo r e  w ith  in t e r e s t  th a t  i t  was observed  th a t  th e  
o th e r  g a n g lio n -b lo c k in g  agent s tu d ie d  -  "Buscopan" -  d id  n o t  
appear to  have t h i s  d isa d v a n ta g e . This has been a t tr ib u te d  to  
i t s  s e l e c t i v e  a c t io n  on the p arasym pathetic g a n g lia  w ith ou t any 
e f f e c t  on th e  m yo-neural ju n c t io n s .  P harm acologica l Kt&ilies
by Wick (19 5 7 ) have shown th a t  "Buscopan" co u n te r a c ts  
p ilo c a r p in e - in d u c e d  in t e s t in a l  spasm but has l i t t l e  e f f e c t  
upon th e  in t e s t in a l  spasm induced by a c e ty lc h o lin e  which has 
i t s  main p o in t  o f  a c t io n  a t th e  nerve endings* I t  would 
th e r e fo r e  be exp ected  to  have l i t t l e  e f f e c t  upon normal 
m uscle tone*
( iv ) *  C o n c lu s io n s*
1* Wheh "Probanthine" e r  "Buscopan" were g iven  to  r a ts  
in  f u l l  d o ses  the mean serum amylase l e v e l s  were low er by 26 
p er c en t and 37 per cen t r e s p e c t iv e ly  than th e  mean l e v e l  in  
normal ra ts*  These red u ctio n s  are s t a t i s t i c a l l y  s i g n i f i c a n t .
2 .  Both g a n g lio n -b lo c k in g  agen ts  prolonged  th e p er io d  
o f  hyperam ylasaem ia fo llo w in g  p a n crea tic  o b str u c tio n *  I 
b e l ie v e  th a t  th ese  drugs, by red u cing  the r a te  o f p a n c r e a tic  
s e c r e t io n ,  were ab le  to  d elay  th e  o n se t o f  d is te n s io n  
d e s tr u c t io n  o f th e se c r e to r y  ep ith eliu m *
3 . N eith er  o f th e se  g a n g lio n -b lo c k in g  a g en ts  was capable  
o f red u cin g  th e le v e l  o f hyperam ylasaem ia fo llo w in g  the  
p rod u ction  o f  o b s tr u c t iv e  p a n c r e a t i t i s .  The ex p la n a tio n  o ffe r e d  
i s  t h a t ,  as the hyperam ylasaem ia in  acu te p a n c r e a tic  d iso r d e r s
i s  due n o t to  any in cr ea se  in  t o t a l  p a n c r e a tic  s e c r e t io n  but to
th e d iv e r s io n  o f  a g rea te r  p art o f  th e s e c r e t io n  in to  th e  
i n t e r s t i t i a l  t i s s u e  o f the p a n creas, f a c t o r s  a f f e c t in g  
p e r m e a b ility  o f the gland parenchyma w i l l  th e r e fo r e  p la y  a 
more s ig n i f i c a n t  p a rt in  the d eterm in ation  o f  th e degree o f  
hyperam ylasaem ia than the lim ite d  red u c tio n s  in  t o t a l  
p a n c r e a t ic  s e c r e t io n  which can be produced w ith  ganglion*-b lock ing  
a g e n ts .
4 .  There appeared to  be more abdominal d is t e n s io n  and 
i l e u s  in  th e  r a ts  r e c e iv in g  "Probanthine" than among th e  c o n t r o ls .  
T his i s  a reco g n ised  s i d e - e f f e c t  o f th e  drug. "Buscopan" d id  
n o t appear to  have t h i s  d isad |ran tage•
(b ) C o rtiso n e
( i )  In tr o d u c t io n , In 1952 S tephenson , P f e f f e r  and 
Saypol rep orted  th e s u c c e s s fu l treatm en t w ith  c o r t iso n e  o f  
acu te  haem orrhagic p a n c r e a t i t i s  in  a p a t ie n t  who was g ra v e ly  
i l l  and s e v e r e ly  shocked , and s in c e  then th e r e  have been many 
r e p o r ts  o f  s im ila r  ex p er ien ces  (H o ste , 19535 E skw ith , Cacace 
and S o l lo s y ,  1955; Elman, 1955; J o n es , 1955; Bloodworth and 
Cohen, 1955; B rock is  and J o n e s , 1956; R odgers, M eyn ell,
W ilson and Cooke, 1956; Kaplan, 1957b), S u c c e sse s  a ls o  w ith  
c o r t ic o tr o p h in  have been rep orted  by Hume and Moore (1 9 5 1 ) ,  
Suzman (1 9 5 3 ) and Solem , Knutrud and Andresen (1 9 5 5 ) ,
From th e se  r e p o r ts  th ere  i s  good ev id en ce  th a t  c o r t iso n e  
and c o r t ic o tr o p h in  have been o f r e a l va lu e  in  th e  r e s u s c it a t io n  
o f  s e v e r e ly  shocked and c o lla p se d  p a t ie n t s .  The c la im s by some 
(Hume and Moore, 1951; Kaplan, 1957 a , b) th a t  th e se  s t e r o id s  
have a s p e c i f i c  p r o te c t iv e  a c t io n  upon th e  pancreas when g iven  
in  a cu te  p a n c r e a t i t i s  are l e s s  con v in cin g  and th ere  i s  ev id en ce  
accum ulating  th a t ,  e s p e c ia l ly  when g iven  over a lon g  t im e , they  
may even f a c i l i t a t e  th e p rod u ction  o f  acu te  p a n c r e a t i t i s .  Acute 
p a n c r e a t i t i s  a r is in g  during trea tm en t w ith  c o r t iso n e  or c o r t ic o ­
tro p h in  has been rep orted  by Z ion, Goldberg and Suzman (1 9 5 5 ) ,  
Baar and W olff (1 9 5 7 ) , Marczynska-Robowska (1 9 5 7 ) , Bourne and
Dawson (1 9 5 8 ) ,  and th e  v iew  th a t  t h i s  occu rren ce i s  n o t  
c o in c id e n ta l  i s  supported by th e  p a th o lo g ic a l  s tu d ie s  o f  
Carone and Liebow (1 9 5 7 ) . Carone and Liebow made h i s t o lo g ic a l  
exam in a tio n s o f the pancreas taken a t  autopsy in  54 p a t ie n t s  
who had been under treatm ent w ith  c o r t ic o tr o p h in  or ad ren al 
s t e r o id s ,  and th ey  found d u ctu la r  p r o l i f e r a t io n s  in  over  h a l f ,  
and f a t  n e c r o s is  and acu te p a n c r e a t i t i s  in  more than a quarter^  
o f  th e  organs exam ined. In none o f th e se  p a t ie n t s  had th ere  
been: any c l i n i c a l  m a n ife s ta t io n s  o f  acu te  p a n c r e a t i t i s  during  
l i f e .  These f in d in g s  are in  l in e  w ith  th e  e a r l i e r  exp erim en ta l 
work by Stumpf, W ilens and Somoza (1956) and Bencosme and 
Lazarus (1 9 5 6 ) , who had in d ep en d en tly  examined the h i s t o lo g ic a l  
e f f e c t s  o f  prolonged  and h igh  d oses o f  c o r t iso n e  upon th e  
p an creas o f  the r a b b it .
Carone and Liebow exp ressed  the view  th a t  "during the a c t iv e  
d e s tr u c t iv e  phase o f  severe acu te  p a n c r e a t i t i s ,  i t  i s  u n lik e ly  
th a t  sh o rt cou rses o f adrenal c o r t ic o id s  to  combat h yp oten sion  
or overw helm ing to x ic  e f f e c t s  would cause a p p rec ia b le  fu r th e r  
d e s tr u c t io n .  During the recovery  phase th e se  a g e n ts , by 
o b s tr u c t in g  the p a n crea tic  a c i n i ,  may d elay  h e a lin g  or  cause  
e x a c e r b a tio n ."  A fu r th e r  danger in  the ro u tin e  use o f  th e se  
s t e r o id s  in  the treatm ent o f acu te  p a n c r e a t i t i s  i s  th e  known
occu rren ce o f  s e r io u s  c o m p lic a tio n s , such as  p e p t ic  
u lc e r a t io n  (S tew a rt, E l l i o t t  and Z o ll in g e r , 1958; P o l lo c k ,  
1 9 5 9 ) .
L i t t l e  appears to  have been w r itte n  upon th e  e f f e c t  o f  
th e s e  c o r t i c e id s  upon the serum am ylase in  th e p resen ce  o f  
p a n c r e a t ic  d is e a se  apart from th e  comment by Hume and Moore 
th a t  "A.C.T.H. in v a r ia b ly  caused a f a l l  in  serum am ylase•"
I have th e r e fo r e  s tu d ie d  the e f f e c t  o f  c o r t iso n e  upon th e  
serum am ylase l e v e l  in  r a t s ,  normal and w ith  exp erim en ta l 
pan c r e a t i t i s .  These r e s u l t s  are c o r r e la te d  w ith  c l i n i c a l  and 
o th er  f in d in g s .
( i i )  E xp erim en ts: A. The E f f e c t  o f  C ortison e  in  th e
Normal R at.
1 . Method: The e f f e c t  o f c o r t iso n e  upon th e  serum amylase
l e v e l  in  21 normal r a t s  was s tu d ie d . In 12, c o r t iso n e  was 
g iven  d a i ly  in  a dosage o f  2 .5  mg. (10  m g./K g. body wei gh t)  
in tr a m u sc u la r ly , and th e  r a ts  were k i l l e d  on th e  5 th , f t h  and 
12th d ays; in  th e rem aining 9 r a ts  th e  dosage o f c o r t iso n e  was 
doubled and the an im als were k i l l e d  on the 8th  and 13th  d ays.
2 . R e su lts  (T able X XIII) :  The range ©f v a lu e s  o b ta in ed
was 1 ,2 3 7 -2 ,8 7 2  u n its/lO O  ml . ,  w ith  an a r ith m e tic  mean o f  
1 ,8 5 9 , standard d e v ia t io n  o f 381 and c o e f f i c i e n t  o f  v a r ia t io n  
o f  2 0 .5 .  When th e se  r e s u l t s  are compared w ith  th o se  found in  
th e  c o n tr o l s e r ie s  ( s e e  Appendix C . l ) ,  i t  w i l l  be observed  
th a t  th e  mean v a lu e  in  the c o r t is o n e —tr e a te d  r a t s  o f  1^859 
u n its /lO O  m l. c lo s e ly  approxim ates to  th e c o n tr o l mean o f 1 ,8 1 0 , 
th e  d if f e r e n c e  b e in g  in s ig n i f i c a n t .  The r e s u l t s  in  th e  
c o r t is o n e - t r e a te d  r a ts  show a much g rea te r  s c a t t e r ,  th e  
c o e f f i c i e n t  o f v a r ia t io n  b ein g  2 0 .5  compared w ith  1 2 .5  in  th e  
c o n t r o ls .
B. C ortison e in  E xperim ental P a n c r e a t i t is  in  th e  R at.
1 . Method: For the in v e s t ig a t io n  in to  th e e f f e c t  o f  
c o r t is o n e  in  o b s tr u c t iv e  p a n c r e a t i t i s ,  th e  two r a t p rep a ra tio n s  
p r e v io u s ly  d escr ib ed  were u sed . C ortison e was in je c te d  in tr a ­
m u scu larly  in  dosage o f 1 2 .5  m g./K g. body w eigh t d a i ly .  At 
th e same tim e , c o n tr o l r a ts  were su b jec ted  to  duct l i g a t io n  but 
r e c e iv e d  no c o r t is o n e .  Groups o f  an im als, in c lu d in g  both  
c o r t is o n e - tr e a te d  and co n tro l r a t s ,  were s a c r i f i c e d  a t  in t e r v a ls  
o f 24 , 36 , 48 and 72 hours a f t e r  duct l i g a t io n .  A g en era l 
au top sy  exam ination  was made w ith  p a r t ic u la r  a t te n t io n  to  the  
in t e g r i t y  o f the l ig a tu r e s  and degree o f  b i l e  duct d is te n s io n  
p r e s e n t ,  and the presen ce and e x te n t  o f p e r i t o n i t i s ,  i l e u s  and
TABLE X X III. E f f e c t  o f C ortison e upon Serum Amylase in
Normal Rat
Dose o f  
C o rtiso n e 10 mg*/kg* body w t. d a ily
20 mg*/kg* body 
wt* d a ily

























Mean 1917 2133 1503 1675 2235
No* o f  R ats 3 3 6 4 5
A rith m etic  Mean (w hole s e r i e s )  — 1859 
Standard D ev ia tio n  — 381
f a t  n e c r o s is *  In a p rop ortion  o f  c a se s  th e  pancreas was 
removed f o r  h i s t o lo g ic a l  exam ination*
A few  r a ts  succumbed prem aturely during th e  cou rse o f  
th e  exp erim en ts but com plete s tu d ie s  were p o s s ib le  in  22 r a t s
which had double l ig a tu r e  o f th e  b i l ia r y -p a n c r e a t ic  duct ( i . e .
o b s tr u c t io n  w ith ou t b i l i a r y  r e f lu x )  and c o r t i s o n e , and in  25 
r a ts  w ith  s in g le  l ig a tu r e  o f th e  b i l ia r y -p a n c r e a t ic  duct ( i * e .
o b s tr u c t io n  w ith b i l i a r y  r e f lu x )  and c o r t is o n e .
2* R e s u lt s : The r e s u l t s  in  the c o r t is o n e - tr e a te d  r a ts
are d e ta i le d  in  the appendix (T a b les  C .6 , A and B) and are  
summarised in  Table XXIV. These r e s u l t s  a lon g  w ith  th o se  
o b ta in ed  in  the c o n tr o ls  have been p lo t te d  a lo n g s id e  in  F ig s .
12 A and B. I t  w i l l  be observed  th a t  a t  24 and 36 hours p o s t­
l i g a t i o n ,  th e  mean v a lu e s  in  th e  c o r t is o n e - tr e a te d  r a t s  are  
about 2 ,000  u n it s  h igh er  than th o se  o f th e  c o n tr o l s e r i e s ,  but 
in  v iew  o f  th e  wide s c a t t e r  in  r e s u l t s  t h i s  d if fe r e n c e  i s  n o t  
s t a t i s t i c a l l y  s ig n i f i c a n t .  The h ig h e s t  v a lu e s  a t 24 hours and 
36 hours p o s t - l ig a t io n  were amongst the c o r t is o n e - tr e a te d  
an im a ls , but th e se  v a lu e s  a lso  remain w ith in  th e range o f chance.
O ther F in d in g s . In th e se  experim ents th ere  was no 
d if f e r e n c e  in  th e c l i n i c a l  p r o g r e ss , the average amount o f f a t
TABLE XXIV.
L ig a t io n  o f  B il ia r y -P a n c r e a t ic  Duct and C ortison e
A. W ithout B i l ia r y  R eg u rg ita tio n
P o s t - l ig a t io n  Serum Amylase (u n its /lO O  m l.)
24 hrs* 36 h r s . 48 h r s . 72 hrs*
Range 1 4 ,1 4 8 -8 ,0 2 2 2 4 ,0 3 6 -9 ,4 7 1 1 1 ,9 7 6 -7 ,4 8 5 1 ,6 2 0 -1 ,3 7 2
Mean 11,737 13,668 9 ,3 4 6 1 ,519
S .B . 2 ,518 5 ,071 2 ,342 -
No • o f  
R ats 7 9 3 3
B. With B i l ia r y R eg u rg ita tion
Range 2 3 ,7 4 8 -7 ,2 4 6 2 0 ,3 3 0 -7 ,6 4 5 1 1 ,7 0 1 -6 ,2 7 0 2 ,5 3 2 -1 ,8 7 8
Mean 12,242 10,886 9 ,2 7 2 2 ,2 4 6
S.D* 4 ,9 0 4 4 ,7 6 1 1 ,905 -
No. o f  
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Figure 13 b.
LIGATION OF BILIARY PANCREATTC DUCT.
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n e c r o s is  p r e se n t  nor in  th e m o r ta lity  r a te  between th e  
c o r t is o n e - t r e a te d  and th e  c o n tr o l anim als* The e f f e c t  o f  
c o r t iso n e  upon th e  r a ts  w ith  b i l ia r y -p a n c r e a t ic  duct 
o b s tr u c t io n  appeared to  be th e same whether b i l e  was p erm itted  
to  escap e in to  the o b stru c ted  p a n c r e a tic  d u cts  or not*
( i i i ) .  C o n c lu sio n : From th e s e  experim ents no ev id en ce
was forth com in g  to  show th a t  c o r t iso n e  low ered th e  serum 
am ylase l e v e l  or had any o th er  b e n e f ic ia l  e f f e c t  upon th e  
p an creas in  ex p er im en ta lly  produced o b s tr u c t iv e  p a n c r e a t i t i s  
in  th e  r a t ,  and no ev id en ce  was o b ta in ed  to  support th e  v iew  
th a t  c o r t iso n e  may h e lp  p a n c r e a t i t i s  in  man*
(c) Propy1-thiouraci1
( i )  In tr o d u c t io n * A new approach to  th e  trea tm en t o f  
p a n c r e a t i t i s  has been the use o f propy1- t h io u r a c i1 as a 
g en era l a n t i-m e ta b o lic  agent to  suppress p a n c r e a tic  in t r a ­
c e l lu la r  enzyme a c t i v i t y .  S ta rr  (1954 and 1 9 5 5 ), a c t in g  
upon th e  o b serv a tio n  th a t  th y ro id  e x tr a c t  taken  by p a t ie n t s  
im m ed iately  a f t e r  an o p era tio n  had been a s s o c ia te d  w ith  
haem orrhagic p a n c r e a t i t i s  and o th er  s e r io u s  p o s t-o p e r a t iv e  
c o m p lic a t io n s , t r ie d  th e  e f f e c t  o f propy1- t h io u r a c i l  in  
p a n c r e a t it i s *  He formed the im p ression  th a t  adequate d oses  
o f propy1- t h io u r a c i l  were o f v a lu e  in  th e e a r ly  s ta g e s  o f  
p a n c r e a t it is *
R eid e t  a l .  (1 9 5 7 , 1958 a , b) have s tu d ie d  the m atter in  
more d e t a i l*  They found th a t  by u s in g  very  la rg e  d o ses  o f  
propy 1 - th io u r a c i l  in  dogs (300 rag./dog) th e  serum am ylase 
l e v e l  was low ered in  15 out o f  18 d ogs. Of th e  rem aining  
th ree  d ogs, two had t h e ir  serum amylase le v e l  s i g n i f i c a n t ly  
low ered by in c r e a s in g  the dosage o f  the propy1- t h i o u r a c i l • 
These same workers (P a u le tte  e t  a l . ,  1 9 5 8 ), by u s in g  d o ses  o f  
propy1- t h io u r q c i l  in  the reg ion  o f  1 ,000 mg. per dog, were 
a b le  to  reduce th e in c id e n c e  o f ex p er im en ta lly -in d u ced  
haem orrhagic p a n c r e a t i t i s  in  dogs*
R eid e t  a l .  (19 5 7 ) b e lie v e  th a t  the rap id  haem orrhagic  
n e c r o s is  in  p a n c r e a t i t i s  i s  due to  the r e le a s e  o f  the in t r a ­
c e l lu la r  enzymes o f  c e l l  m etabolism  ra th er  than to  th e  a c t io n  
o f  t r y p s in  or chym otrypsin . The in t r a c e l lu la r  enzymes o f
th e p an creas (whose fu n c t io n , amongst many o th e r s ,  i s  th e  
b u ild in g  o f  l ip a s e ,  am ylase, tr y p s in  and try p s in o g en ) are  
capab le o f  immense p r o te in  s y n th e s iz in g  a c t i v i t y .  The pancreas  
has th e  g r e a te s t  p r o te in  output per gram w eigh t t i s s u e  o f  any 
organ or t i s s u e  in  th e body and as th e c a t a ly t i c  enzyme 
r e a c t io n  i s  r e v e r s ib le  under c e r ta in  c ircu m stan ces (Bergman,
1 9 5 3 ), a p o te n t ia l  fo r  in te n se  p r o t e o ly t ic  a c t i v i t y  i s  a ls o  
p r e s e n t .  There i s ,  fo r  exam ple, rapid  a u t o ly s is  o f  the  
pancreas a f t e r  d ea th . As p r o p y l- th io u r a c i l  in h ib i t s  th e  
uptake o f  oxygen in  a l l  t i s s u e s  and organs (R eid  and K ossa,
1 9 5 4 ), i t  m ight in  the pancreas p reven t th e  form ation  o f  the  
p a n c r e a t ic  enzymes in  th e in t a c t  c e l l s  and r e s t r a in  the  
d egrad ing  a c t iv i t y  o f the r e le a se d  in t r a c e l lu la r  enzym es.
I t  was th e r e fo r e  decided  to  feed  r a ts  w ith  la rg e  d oses
o f  p r o p y l- th io u r a c i l  and to  study p a r t ic u la r ly  i t s  e f f e c t s
upon th e  am ylase in  th e b lood in  th e  normal animal and a f t e r
l i g a t io n  o f  the b il ia r y -p a n c r e a t ic  d u ct. S ev era l r a ts  from
131each group a lso  r e c e iv e d  I and a t  the end o f th e experim ent
th e th y r o id  g lands were e x tr a c te d  and s tu d ie d  by means o f  
r a d io —chromatograms* By t h is  means a com parison was made
betw een th e  a n t i-m e ta b o lic  a c t io n  ef p r o p y l- th io u r a c i l  upon 
th e  th y r o id  and upon the p an crea s. (T hese iso to p e  s tu d ie s  
were c a r r ie d  out by B r. E. M. M cG irr).
( i i )  Method. As in  the p rev io u s  s t u d ie s ,  male a lb in o  
W istar r a t s  o f  220-250 G. w eigh t were u sed . The p ro p y l­
t h io u r a c i l  was made up in  a su sp en sion  o f 25 mg. p rop y l­
t h io u r a c i l  in  0 .2  m l. water w ith  th e  a d d it io n  o f a sm all amount 
o f  gum a c a c ia , and g iven  by g a s t r ic  tu b e .
(1 )  S ix  r a ts  were fed  w ith  25 mg. p r o p y l- th io u r a c i l
(100  m g ./k g . body w eig h t) d a ily  f o r  f iv e  d a y s . B lood was then  
a sp ir a te d  by ca rd iac  puncture fo r  serum am ylase e s t im a tio n  and 
th e  an im als a u to p sie d .
(2 )  T h irty  r a ts  had t h e ir  common b i l ia r y -p a n c r e a t ic  duct 
t i e d .  They r e c e iv e d  a s in g le  dose o f p r o p y l- th io u r a c i l  24 
hours b e fo re  o p era tio n  and d a ily  a f t e r  o p era tio n  u n t i l  
s a c r i f i c e d .  Groups o f  r a ts  were k i l l e d  a t  2 4 , 36 , 4 8 , 72 and 
96 hours a f t e r  duct l i g a t io n .
( i i i ) •  R e s u lt s s A. E f f e c t  o f I n tr a g a s tr ic  P ro p y l­
t h io u r a c i l  in  Normal R at. The r e s u l t s  o f  a s e r ie s  o f  s i x  
r a t s  are g iven  in  Table XXV. I t  w i l l  be seen  th a t  th e range 
o f  serum amylase was 1774-1273 u n its/lO O  mg. w ith  a mean o f  
1358 u n its /lO O  mg. and a standard d e v ia t io n  o f  203 u n i t s /
100 mg. In  normal unm edicated r a t s  the range was 2290-1504  
u n it s  w ith  a mean o f  1810 u n its/lO O  m l. and a standard  
d e v ia t io n  o f 228 . Thus the a d m in is tra tio n  o f p rop y l­
t h io u r a c i l  to  r a ts  w ithout p a n c r e a tic  duct o b s tr u c t io n  r e s u lte d  
in  s ig n i f i c a n t l y  low er l e v e l s  o f serum am ylase ( t - t e s t  g iv e s  
P < 0 . 0 1 ) .
B. E f f e c t  o f I n tr a g a s tr ic  P r o p y l- th io u r a c il  and B i l ia r y -  
P a n c r e a tic  Duct O b stru ctio n . The serum am ylase l e v e l s  ob ta in ed  
are recorded  in  the appendix (T able C .7) and are an a lysed  in  
Table XXVI and shown g r a p h ic a lly  in  F ig . 14 . In th e p resen ce  
o f  b i l ia r y -p a n c r e a t ic  duct o b s tr u c t io n , p r o p y l- th io u r a c i l  d id  
n o t s ig n i f i c a n t l y  a f f e c t  the p a tte r n  o f  th e  serum am ylase curve 
found in  unm ediated an im als, th ere  b ein g  a t  no sta g e  a 
s ig n i f i c a n t  d if fe r e n c e  between th e se  r e s u l t s  and the c o n tr o ls .
The paper chromatograms a f t e r  in j e c t io n  o f tr a c e r  d oses  
131o f I showed th a t  th e in t r a g a s t r ic  p r o p y l- th io u r a c i l  was 
e f f e c t i v e  in  com p lete ly  b lo ck in g  th y ro x in e  s y n th e s is ,  p a r t ic u l ­
a r ly  a t  th e  m ono-iodothyrosine and d i- io d o - ty r o s in e  l e v e l s  
(A ppendix C .8 ) .
TABLE XXV
EFFECT OF INTRAGASTRIC PROPYL-THIOURACIL 
UPON SERUM AMYLASE
Serum Am ylase  i n  S i x  R a t s  on 25 mgm. P r o p y l - t h i o u r a c i l  
( 100 m g m . / k i l o g m .  borly w e i g h t )  f o r  5 d a y s
V a l u e s  o b t a i n e d 1 7 7 4 ,  1 4 9 4 ,  1 4 2 5 ,  1 3 9 9 ,  1 3 8 6 ,  1273
Range 1 7 7 4 -  1273
A r i t h m e t i c  Mean 1358
S t a n d a r d  D e v i a t i o n 203
A.M. “t .  2 S .D . 1 7 6 1 - 9 5 2
TABLE XXVI
LIGATION OF BILIARY-PANCREATIC DUCT AND PROPYL-THIOURACIL
P o s t - l i g a t i o n  Serum Amylase  ( U n i t s / l O O  m l . )
24 h r s . 36 h r s . 4 8  h r s . 72 h r s . 9 6  h r s .
Range 1 6 , 1 7 0 -
9 , 8 1 3
1 7 , 7 9 5 -
6 , 2 5 5
1 5 , 8 8 2 -
6 , 5 3 6
2 , 4 8 5 -
1 , 6 6 1
2 , 0 2 5 - 1 , 2 0 7
A.M. 1 2 , 0 8 0 1 1 , 6 6 6 1 0 , 6 0 0 2 , 0 3 7 1 , 5 4 0
S .D . 2 , 5 3 3 4 , 7 9 1 3 , 4 2 0 329 320
No.  o f  
R a t s





























4 ,0 0 0
24 4836 96
HOURS AFTER LIGATION.
MEAN O F  P R O P Y L -T H IO U R A C IL  S E R JE S  
M E A N  O F  C O N T R O L  S E R IE S
( iv ) *  C o n c lu sio n s* That p r o p y l- th io u r a c i l  low ers th e  
serum am ylase le v e l  in  the normal r a t  i s  confirm ed* T his  
seems to  be r e la te d  to  the gen era l a n ti-m e ta b o lic  e f f e c t  ra th er  
than to  any s p e c i f i c  e f f e c t  upon the pancreas*
In  so fa r  as the serum amylase le v e l  can be taken as  a 
measure o f  th e  p a n c r e a tic  enzyme co n cen tra tio n  in  th e in t e r ­
s t i t i a l  t i s s u e s ,  no ev idence was a fford ed  here th a t  p ro p y l­
t h io u r a c i l  i s  ab le  to  reduce t h i s  enzyme s p i l l *
The dose o f p r o p y l- th io u r a c i l  g iven  to  th e  r a ts  in  th e se  
exp erim en ts (100 m g ./k g . w eigh t) i s  comparable to  th e very  
la r g e  d o ses  g iven  by Reid e t  a l .  (1958) to  t h e ir  dogs and i s  
g r e a t ly  in  e x c e ss  o f th e  normal th era p eu tic  dose o f p ro p y l­
t h io u r a c i l  in  humans* The r a ts  did not t o le r a t e  t h i s  dosage  
w e ll and appeared to x ic  and i l l *  Reid e t  a l*  (1958) found  
t h a t ,  though p r o p y l- th io u r a c i l  in h ib ite d  in  r a t s  th e  oxygen  
uptake o f  a l l  t i s s u e s ,  i t  a lso  caused adrenal a trophy, 
in h ib i t io n  o f  growth and b iza rre  cereb ra l m a n ife s ta tio n s*  I t  
would th e r e fo r e  seem l ik e ly  th a t  t h i s  drug i s  too  t o x ic  fo r  
c l i n i c a l  u se and m ight be dangerous when used  in  a d is e a s e  
which i s  c h a r a c te r ise d  in  i t s  acu te phase by in te n s e  adrenal 
a c t i v i t y  and which may prove f a t a l  from r e la t iv e  adrenal 
in s u f f ic ie n c y *
(d )  A cetazo 1 amide ( “Diamox**)
( i )  I n tr o d u c t io n . H ith e r to , s tu d ie s  have been d ir e c te d  
tow ards th e  red u ction  o f enzyme s e c r e t io n  by chem ical 
“vagotomy*1 u s in g  th e  g a n g lio n -b lo c k in g  a g e n ts , Probanthine  
and Buscopan, and by in h ib it io n  a t  c e l l  l e v e l  u s in g  th e  a n t i -  
m eta b o lic  substance p r o p y l- th io u r a c i l .  In th e normal p an crea s, 
s e c r e t io n  o f  enzymes i s  sm all in  volume compared w ith  th a t  o f  
w ater and b ica r b o n a te . I f  th e r e fo r e  the volume o f th e  
s e c r e t io n  could  be s ig n i f ic a n t ly  reduced by in h ib it io n  o f  the  
w ater and sodium b icarbonate f r a c t io n s ,  then  i t  would be 
ex p ected  th a t  in  the presence o f  duct o b str u c tio n  th ere  would 
be a l e s s  rap id  s p i l l  o f  w ater, b icarbon ate and enzymes in to  
th e  i n t e r s t i t i a l  t i s s u e s  and th e r e fo r e  l e s s  p a n c r e a tic  damage. 
Treatm ent a lon g  th e se  l in e s  m ight prove to  be a u s e fu l  
c o n tr ib u t io n  towards th e treatm en t o f acu te o b s tr u c t iv e  
p a n c r e a t i t i s  in  man.
I t  has been claim ed ( S t i l l ,  B ennett and S c o t t ,  1933) th a t  
th e  b icarb on ate  se c r e te d  in  the p a n crea tic  ju ic e  i s  due to  
carb on ic  anhydrase a c t iv i t y  in  the p a n crea tic  gland and th e  
carb on ic  anhydrase in h ib ito r  acetazolam ide ( “Diamox") has been 
found to  be e f f e c t i v e  in  reducing the volume o f  p a n c r e a tic  
s e c r e t io n  in  p a t ie n t s  w ith p a n crea tic  f i s t u l a e  (H ollan d er and
Birnbaum, 1952; P a p stra t and M il le r ,  1948; Watman, 1 9 5 6 ).
I have th e r e fo r e  s tu d ie d  th e e f f e c t  o f t h i s  drug in  
ex p er im en ta lly -in d u ced  p a n c r e a t i t i s  in  th e  r a t .
( i i )  Method. As in  the p rev io u s ex p er im en ts, male 
a lb in o  r a t s  (W istar s t r a in )  o f about 300 G. w eigh t were u sed . 
In th e  f i r s t  experim ent th e e f f e c t  o f acetazo lam id e in  the  
normal r a t  was s tu d ie d . A cetazolam ide was g iven  in  dosage 
o f  1 2 .5  mg. b . i . d .  su bcutan eou sly  (80 mg. a c e ta z o la m id e /k g ./  
day) f o r  48 hours, when the anim als were s a c r i f i c e d  and a 
g en era l exam ination  as w e ll as a serum am ylase e s t im a tio n  was 
made. T his dose i s  comparable to  th a t  s ta te d  by Janow itz  
(1 9 5 8 ) to  be the minimum e f f e c t i v e  dose in  humans. I t  was 
found to  be ra th er  t o x ic  in  r a ts  and in  subsequent experim ents  
the dosage was reduced to  60 m g ./k g . body w eigh t d a i ly .
The e f f e c t  o f  th e drug in  the r a t  w ith  p a n c r e a tic  duct 
o b s tr u c t io n  was then in v e s t ig a t e d .  In th e f i r s t  experim ents  
th e  common b il ia r y -p a n c r e a t ic  duct was l ig a t e d  d i s t a l l y  on ly  
(P re p a r a tio n  B ). As however acetazo lam id e does n o t have any 
known in h ib ito r y  e f f e c t  upon b i l ia r y  s e c r e t io n s ,  i t  m ight be 
th $ t  a f a l l  in  the ra te  and volume o f p a n c r e a tic  s e c r e t io n  
cou ld  be compensated ly  an in crea sed  flo w  o f b i l e  in to  the  
p a n c r e a t ic  d u cts and moreover th e m ixing o f  b i l e  w ith
co n cen tra ted  enzymes in  the p a n c r e a tic  d u cts  m ight f a c i l i t a t e  
t h e ir  perm eation in to  th e gland substance w ith  in cr ea se d  
t i s s u e  damage* A fu r th e r  s e r ie s  o f exp erim en ts was th e r e fo r e  
c a r r ie d  ou t in  which th e b i l i a r y  and p a n c r e a tic  duct system s  
were i s o la t e d  by a proxim al l ig a tu r e  around th e b i l i a r y -  
p a n c r e a t ic  duct above th e p a n c r e a tic  d u c ts , as in  P rep a ra tio n  A. 
In  both th e se  groups o f experim ents acetazo lam id e was g iv en  in  
d o ses  e q u iv a le n t  to  60 m g ./k g . w e ig h t.
( i i i )  R e s u lt s ? A* The E f f e c t s  o f  A cetazolam ide in  
Normal R a ts .
Serum Am ylases The serum a n y la se  rea d in g s  are recorded  
in  th e  accompanying ta b le  (T able XXVII) .  There i s  an 
i n s ig n i f i c a n t  r i s e  from the v a lu e s  found in  h ea lth y  r a ts  
w ith o u t a ce ta z o la m id e .
Other B iochem ical F in d in g s s I t  has a lrea d y  been m entioned  
th a t  r a t s  appeared t o x ic  and i l l  a f t e r  r e c e iv in g  acetazo lam id e  
in  d o ses  o f 60-80 m g ./k g . body w eight d a i ly  fo r  two d a y s.
F u rth er  b ioch em ica l s tu d ie s  were ca rr ied  out in  th ree  r a ts  
th a t  had r e c e iv e d  60 m g ./k g . acetazo lam id e f o r  48 hours and 
th e s e  s tu d ie s  showed th a t  th e anim als had a marked a c id o s is  
w ith  an average f a l l  in  the a lk a l i  reserv e  o f 27 per c e n t .
TABLE XXVII
EFFECT OF ACETAZOLAMIDE UPON SERUM-AMYLASE IN THE
NORMAL RAT ( FIVE RATS)
A c e ta z o I  amide  
1 2 .5  m gm. b . d.
W ithout Drugs
Serum Am ylase  
Range 2 3 0 6 -1 9 1 2 2 2 8 8 -1 5 0 4
A r i t h m e t i c  Mean 2 ,0 1 3 1 ,8 1 0
S ta n d a r d
D e v i a t i o n
164 228
There were no s ig n i f i c a n t  a l t e r a t io n s  in  th e  serum p otassium  
or sodium l e v e l .  The d e ta i le d  f ig u r e s  are g iv en  in  th e  
appendix (T able C .8 ) .
B . A cetazolam ide and P a n c r e a tic  Duct O b str u c tio n .
Serum Am ylases The r e s u l t s  are summarised in  the  
accompanying Table XXVIII and i l lu s t r a t e d  in  F ig .  15 . D e t a i ls  
are in  th e appendix (T able C .9 ) .  The rea d in g s  a t  24 , 36 and 
48 hours p o s t - l ig a t io n  are w ith in  the normal range and 
th e r e fo r e  a t  th e se  tim es th e acetazo lam id e has had no 
s ig n i f i c a n t  e f f e c t  upon th e serum amylase l e v e l .  T his was 
tru e  w ith  both the r a t  p rep a ra tio n s  u sed , so th a t  th e p resen ce  
or absence o f  b i l i a r y  r e f lu x  in to  th e p a n c r e a tic  tr e e  has had 
no s ig n i f i c a n t  e f f e c t  upon th e se  r e s u l t s .
At 72 hours a f t e r  o p era tio n  th e serum am ylase l e v e l  
remained s ig n i f i c a n t l y  r a ise d  compared w ith  th e r e s u l t s  in  the  
c o n tr o l s e r ie s  (P <  0 .0 1 )  w ith ou t any d if fe r e n c e  between the  
two exp erim en ta l groups. The e le v a t io n s  were l e s s  than th ose  
o b ta in ed  a t  72 hours when e i th e r  o f  the g a n g lio n -b lo c k in g  
a g en ts  was u sed .
TABLE XXVIII.  L ig a tio n  e f  B il ia r y -P a n c r e a t ic  P act and
A cetazolam ide
P o s t-L ig a t io n  Serum Amyl ase (U nits/lO O  m l.)






Range 1 3 ,0 1 3 -1 0 ,2 7 6 1 5 ,4 9 5 -7 ,1 2 1 7 ,6 8 5 -4 ,0 7 0 2 ,1 3 0 -1 ,4 1 6
Mean 10 ,805 10,764 5 ,670 1 ,748
S .D . 1,787 3 ,102 1,497 -
A No. o f  R ats






Range 1 3 ,3 6 5 -7 ,6 4 2 1 2 ,2 3 4 -7 ,9 5 1 5 ,3 5 0 -4 ,2 1 3 2 ,0 2 0 -1 ,7 5 3
Mean 9 ,570 9 ,2 7 3 4 ,6 5 3 1,830
S .D . 2 ,4 0 6 2 ,028 717 -
B No. o f  R ats
S u rv iv in g
...............  i
9 4 4 3
Group A: With b i l i a r y  r e g u r g ita t io n
Group B: W ithout b i l ia r y  r e g u r g ita t io n
F igu re 15
G eneral Appearance and B eh av iou r: The r a te  in  th e se
exp erim en ts were more to x ic  and i l l  than th e  correspon d in g  r a ts  
in  th e  p rev io u s  s e r ie s  o f experim ents and t h e ir  b e l ly  fu r  was 
c o n t in u a lly  sodden w ith  th e co n sta n t d iu r e s i s .  In th e  f i r s t  
group o f  r a t s  th a t  had s in g le  l ig a t io n ,  8 ou t o f 24 succumbed 
during th e  course o f the experim ents (33  per cen t m o r t a l i t y ) .
In th e  second group, which had double l ig a t io n  o f  th e common 
b i l ia r y -p a n c r e a t ic  d u ct, on ly  20 out o f th e  28 op erated  upon 
su rv iv ed  th e  req u ired  len g th  o f tim e (2 8 .5  per cen t m o r t a l i t y ) .  
Of th e t o t a l  s ix te e n  d ea th s, n in e  were w ith in  the f i r s t  48 
hou rs; th ree  were between 48 and 72 hours; o f  the fo u r  r a ts  
which d ied  a f t e r  72 h ou rs, two were found to  have ruptured  
d u c ts . These m o r ta lity  r a te s  are in  e x c e ss  o f  th o se  ob ta in ed  
in  p r e v io u s  s e r ie s  o f  ex p erim en ts.
The in tra-ab d om in al appearances showed n o th in g  o f  
s ig n i f ic a n c e .  Some f a t  n e c r o s is  was c o n s ta n t ly  p r e se n t ,  
v a ry in g  from grade + to  grade + + + and th e  pancreas showed th e  
g en era l m acroscopic changes alreacty d e sc r ib e d . P e r i t o n i t i s  
and p a r a ly t ic  i l e u s  were n ot prom inent f e a tu r e s .
( i v )  D is c u s s io n * The use o f  acetazo lam id e i s  based on 
th e  assum ption th a t :
1* R eduction  in  th e volume o f  p a n c r e a tic  ju ic e
se c r e te d  w i l l  reduce th e amount o f  damage to  th e  
gland and th e s e v e r ity  o f  th e  d is e a s e  in  acu te
p a n c r e a t it is *  As th e enzyme fr a c t io n  i s
v o lu r a e tr ic a lly  sm a ll, t h i s  would most e f f e c t i v e l y  
be done by b lo ck in g  th e s e c r e t io n  o f w ater and 
bicarbonate*
2* Carbonic anhydrase i s  n ecessa ry  fo r  th e s e c r e t io n  
o f  b icarbon ate (and w ater) by the pancreas*
3* The carbonic anhydrase a c t iv i t y  in  th e  pancreas  
can be b locked  by g iv in g  a carbonic anhydrase 
in h ib i t o r ,  e . g .  a ceta zo la m id e , w ith ou t s e r io u s ly  
a f f e c t in g  o th er  v i t a l  fu n c t io n s .
The r o le  o f  the carbon ic anhydrase in  the pancreas i s  s t i l l  
o b scu re . Carbonic anhydrase i s  a z in c  c o n ta in in g  enzyme, which 
i s  p r e se n t  in  h igh  co n cen tra tio n s  in  the e r y th r o c y te s  and the
ren a l c o r te x . In the former t i s s u e  i t  p la y s  a v i t a l  fu n c tio n
in  th e c a rr ia g e  o f COg in  the b lood  and i t s  l ib e r a t io n  in  the  
lu n g s . In the k id n eys i t s  fu n c tio n  i s  no l e s s  v i t a l  as i t
c o n tr o ls  d iu r e s is  and p la y s  a p a rt in  the a c id -b a se  b a lan ce  
in  th e  body. Carbonic anhydrase i s  a lso  p r e se n t  in  th e  
g a s t r ic  mucosa and Van Goor (1 9 3 3 , 1940) rep o rted  th a t  i t  was 
a ls o  p r e se n t  in  th e pancreas where i t  c a ta ly s e d  th e  carb on ic  
io n .  I t s  p a rt in  th e m etabolism  o f  the pancreas has been  
doubted by o th e r s .  Davenport (1940) found th a t  su lp han ilam id e  
f a i l e d  to  in h ib i t  p a n c r e a tic  s e c r e t io n  in  any way and Tucker 
and B a ll  (1941) came to  a s im ila r  c o n c lu s io n . B a ll e t  a l .  
(1 9 4 1 ) u s in g  r a d io a c tiv e  carbon came to  th e op in io n  th a t  n ot  
more than 20 per cen t o f the b icarbon ate  in  th e p a n c r e a tic  
j u ic e  was from m eta b o lic  CO^  in  th e b lood . However, H ollander  
and Birnbaum*s (1952) work has supported th e e a r l ie r  f in d in g s  
o f  S t i l l ,  B ennett and S c o tt  (1933) th a t th e p r in c ip a l source  
o f  b icarb on ate  io n s  i s  in  the p a n crea tic  gland and th ey  regarded  
carb on ic  anhydrase as p la y in g  a major r o le  in  the in t r a c e l lu la r  
co n v ersio n  o f  carbon d io x id e  to  carbonic a c id  and th e r e fo r e  
b ica rb o n a te  io n .
New im petus to  th e se  in v e s t ig a t io n s  fo llo w e d  the  
p ro d u ction  by L ederle L ab ora tories  o f a carb on ic  anhydrase 
in h ib i t o r  claim ed to  be 400 tim es more a c t iv e  than s u lp h o n il-  
amide -  2 acety l-a m in e  1, 3 , 4 t h ia d ia z o le - 5 - s u l f onamide 
("Diamox" a c e ta z o la m id e ). D r e i l in g ,  Jan ow itz  and Halpern  
(1955 ) in  c l i n i c a l  s tu d ie s  found th a t  in tra v en o u s acetazo lam id e
in  d o ses  above 50 ta g ./k g . were capable o f in h ib i t in g  m arkedly, 
i f  n o t com p lete ly  b lo c k in g , th e  t o t a l  volume and t o t a l  
b ica rb o n a te  response o f  the pancreas to  s e c r e t in .  The b a sa l 
r a te s  o f  p a n c r e a tic  f lo w  and b icarbon ate s e c r e t io n  were 
reduced , but th ere  was no s ig n i f ic a n t  e f f e c t  upon enzyme 
s e c r e t io n .  They concluded th a t  carbonic anhydrase i s  n e cessa ry  
f o r  b icarb on ate  s e c r e t io n ,  th a t  t h i s  s e c r e t io n  cou ld  be b locked  
by th e  u se  o f  a carbon ic anhydrase in h ib ito r  and th a t  the  
c o n tr o l o f  volume a t  c e l lu la r  le v e l  m ight have th e r a p e u tic  
in d ic a t io n s *
(v )  C o n c lu sio n s . The ev id en ce  from my r e s u l t s  in  the  
r a t s  i s  th a t  w ith  acetazo lam id e th ere  has been some red iio tion  
in  th e  in tr a d u c ta l s e c r e t io n  from the p a n creas, as shown by the  
con tin u ed  e le v a t io n  o f  the serum amylase l e v e l  a t  72 h ou rs, but 
th ere  i s  no support fo r  the v iew  th a t the enzyme s p i l l  in to  the  
i n t e r s t i t i a l  t i s s u e s  has th ereb y  been s ig n i f i c a n t l y  reduced .
The o b se r v a tio n s  th a t  th ese  r a ts  were more i l l ,  were a c id o t ic  
and th a t  th e se  experim ents were accompanied by a h igh er  
m o r ta lity  ra te  than was observed in  s im ila r  o p e r a tio n s  e i th e r  
w ith o u t a drug or w ith  o th er  d ru gs, are con sid ered  im p ortan t.
The dosage o f 60 m g ./k g ./d a y  i s  s e v e r a l tim es above the  
u su a l th e r a p e u tic  dose in  humans but D r e il in g  e t  a l .  (1955)  
found th a t  d oses over 50 m g ./a ee ta zo la m id e /k g . were n ecessa ry
in  th e  human to  produce any d e te c ta b le  e f f e c t  upon th e  
p a n c r e a t ic  se c r e tio n *  Those la r g e  d oses are ap p aren tly  w e ll  
t o le r a t e d  in  th e human w ithout acu te d is e a se  (D r e i l in g  e t  a l . ,  
1955) but th ey  cou ld  w e ll be harmful and dangerous in  acu te  
p a n c r e a t ic  d isea se*
In  sev ere  p a n c r e a t i t i s ,  recovery  may depend upon th e  
r e s to r a t io n  and m aintenance o f  f lu id  and e le c t r o ly t e  balance*
I t  would seem h ig h ly  u n d esira b le  to  in trod u ce a drug which a c ts  
by u p s e t t in g  the v i t a l  and d e l i c a t e ly  balanced  a c id -b a se  
mechanism in  the body to  produce an unphysio lo g ic a l  d iu r e s is *  
M oreover th ere  i s  ev id en ce th a t  the carbon ic anhydrase in h ib ito r  
i s  much more e f f e c t i v e  a g a in s t  th e  v i t a l  carbon d io x id e  
tr a n sp o r t  fu n c t io n s  o f  th e e ry th ro c y te  and th e ren a l co r te x  
than upon th e p a n c r e a tic  s e c r e t io n s  (M iln e , 1 9 5 6 ) .
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In  th e  f i r s t  p a rt o f t h i s  t h e s i s  I have s tu d ie d  th e  serum 
am ylase in  a number o f h ea lth y  a d u lt s .  A ccording to  the  
method o f  measurement used w ith in  t h i s  la b o r a to r y , r e s u l t s  are  
w ith in  th e  range o f 133 to  320 iod om etric  u n it s  w ith  a mean o f  
204 io d o m etr ic  u n it s  and a standard d e v ia t io n  o f 50 iod om etric  
u n i t s .  W hile the le v e l  o f the amylase in  th e blood o f one 
in d iv id u a l u su a lly  remained f a i r l y  c o n sta n t, d iv er g en ces  o f as  
much as 65 per cen t from the mean took p la ce  from day to  day 
or from hour to  hour. These f lu c tu a t io n s  were more apparent 
in  some p erson s than o th e r s , but a l l  d e v ia t io n s  were w ith in  the  
normal l im it s  fo r  h e a lth  as g iven  above.
The second p a rt o f t h i s  t h e s i s  d e sc r ib e s  c l i n i c a l  s tu d ie s  
on 223 p a t ie n t s  w ith  acute abdominal d is e a s e ,  o f which 23 had 
acu te  p a n c r e a t i t i s .  I have been p a r t ic u la r ly  concerned to  
determ ine th e p la ce  o f  serum am ylase measurement in  the d ia g n o s is  
o f  a cu te  p a n crea tic  d is e a s e ,  to  compare measurements made in  
acu te  p a n c r e a t i t i s  w ith  th ose  ob ta in ed  in  o th er  acute abdominal 
c o n d it io n s  and to  d ecide whether t h i s  b ioch em ica l t e s t  could  
w ith  advantage perm it the avoidance o f surgery in  the acu te stage  
o f  p a n c r e a t i t i s .
In  a l l  o f th e  18 p a t ie n ts  seen  in  t h e ir  f i r s t  a tta c k  o f  
a cu te  p a n c r e a t i t i s ,  the serum amylase was co n s id era b ly  
e le v a te d *  No few er than 16 out o f the 18 c a se s  had v a lu e s  o f  
f i v e  tim es  th e upper l im it  of normal (1 ,6 0 0  iod om etric  u n i t s )  
and o v er j in  the rem aining two ca ses  le s s e r  e le v a t io n s  
corresp on d in g  to  about th ree  tim es the upper l im it  o f  hormal 
(1 ,0 6 7  and 914 iod om etric  u n it s )  were ob served . In th e th ree  
c a se s  seen  in  an acu te r e la p se , two had serum amylase l e v e l s  
over 1 ,6 0 0  iod om etric  u n i t s .  The th ir d , who had a serum 
am ylase l e v e l  w ith in  th e normal range, had had rep eated  a tta c k s  
and s h o r t ly  a f t e r  showed fu r th er  ev idence o f  p a n c r e a tic  f ib r o s i s  
and in s u f f ic ie n c y  by d ev e lo p in g  d ia b e te s .  In the rem aining two 
c a s e s ,  which were examined in  the la t e  s ta g e s  o f an a t ta c k ,  
in s ig n i f i c a n t  v a lu es  o f 400 and 200 iod om etric  u n it s  were found.
Treatm ent in  the acu te s ta g e  was n o n -o p era tiv e  in  21 out o f  
th e  23 c a s e s .  In the o th er  two ca ses  lap aro tom ies were perform­
ed as th e  d iag n o ses  o f  p er fo ra ted  p e p t ic  u lc e r  could  n o t be 
exclu d ed  on c l i n i c a l  grounds and a rep ort on th e serum amylase 
was n o t a v a i la b le .  The ro u tin e  th e r a p e u tic  m easures are  
d e t a i le d  and a rep ort i s  made o f my e x p er ien ces  o f  the u se  o f  
autonom ic gan g lion  blockade w ith lo c a l  a n a e s th e t ic  and w ith  the  
g a n g lio n -b lo c k in g  a g e n ts , m eth an thelin e  bromide (B an th in e) and
h y o sc in e  N—butylbrom ide (B uscopan). The m o r ta li ty  r a te  in  
t h i s  s e r i e s  was n i l .  The fa c to r s  c o n tr ib u tin g  to  th e  r e c e n t  
downward tren d  in  th e m o r ta lity  ra te  are d is c u s s e d .
In  th e  200 p a t ie n t s  adm itted as su r g ic a l em ergencies on 
accou n t o f abdominal pa in  b e lie v e d  not to  be p a n c r e a tic  in  
o r ig in ,  th e  serum amylase was found to  be above the normal range 
in  22 ( l l  per c e n t ) .  These e le v a t io n s ,  ranging  from 320 to  914 
io d o m etr ic  u n i t s ,  in  no case exceeded f iv e  tim es th e  upper l im it  
o f  th e  normal l e v e l .
Hyperamylasaemia was commonest among p a t ie n t s  w ith  acu te  
e x a c e r b a tio n  o f  b i l ia r y  tr a c t  d is e a s e ,  among whom the in c id e n c e  
was 2 8 .7  p er c e n t , compared w ith  an in c id en ce  in  a l l  o th er  ca ses  
o f  7 .3  p er  c e n t .
I t  i s  my ex p erien ce  th a t ,  in  the absence o f d e fe c t iv e  ren a l 
fu n c t io n ,  f i v e  tim es the upper l im it  o f  normal r e p r e se n ts  a 
c r i t i c a l  serum amylase l e v e l .  R esu lts  above t h i s ,  during the  
e a r ly  s ta g e  o f an acu te abdominal i l l n e s s ,  s tr o n g ly  support the  
d ia g n o s is  o f acute p a n c r e a t i t i s ;  v a lu e s  below t h i s  l e v e l  may 
p o s s ib ly  be the r e s u l t  o f acute abdominal p r o c e sse s  n o t  
o r ig in a t in g  in  the p an creas.
The measurement ©f serum am ylase has th u s proved to  be a 
b io ch em ica l procedure o f a s s is ta n c e  in  th e d ia g n o s is  o f  acu te  
p a n c r e a t i t i s  and i t s  v a lu e  fo r  such a purpose i s  enhanced  
when i t s  l im it a t io n s  are a p p rec ia te d .
In th e  f in a l  p art o f t h i s  t h e s i s  I have s e t  out to  a s s e s s  
th e  a b i l i t y  o f drugs to  suppress th e ex o cr in e  s e c r e t io n  o f the  
p ancreas during ex p er im en ta lly  induced p a n c r e a t i t i s .  The 
drugs s tu d ie d  are some o f th o se  a t  p resen t advocated fo r  
c l i n i c a l  u se in  acu te p a n c r e a t i t i s ,  namely p ro p a n th e lin e  bromide 
(P r o b a n th in e ), h yosc in e  N -butyl bromide (B uscopan), c o r t is o n e ,  
p r o p y lth io u r a c il  and acetazo lam id e (Diam ox).
The experim enta l animal used was the W istar r a t  and a 
p a n c r e a tic  d iso rd er  resem b lin g  acu te  i n t e r s t i t i a l  p a n c r e a t i t i s  
in  th e  human was produced by l ig a t io n  o f the b il ia r y -p a n c r e a t ic  
d u c t .
When fcats were tr e a te d  w ith  P rob an th in e, Buscopan or  
p r o p y lth io u r a c i l ,  th e  serum amylase l e v e l s  were s ig n i f i c a n t ly  
low er than normal (P <  O .O l). N e ith er  c o r t iso n e  nor 
acetazo lam id e  had any apparent e f f e c t  upon the serum am ylase in  
th e  normal an im al.
E xperim ental o b s tr u c t iv e  p a n c r e a t it i s  was produced in  
s e v e r a l groups o f r a t s .  In th o se  tr e a te d  w ith  P rob an th in e, 
Buscopan or a ceta zo la m id e , enzyme s e c r e t io n  by th e pancreas  
p e r s is t e d  fo r  lon ger a f t e r  duct l ig a t io n  than in  th e c o n tr o l  
an im als or in  th o se  tr e a te d  w ith  c o r t iso n e  or p r o p y lth io u r a c i l .  
E vidence i s  produced to  show th a t  t h i s  was due to  a red u ctio n  
in  th e  amount o f ex o cr in e  s e c r e t io n  accum ulating in  the  
o b str u c te d  g lan d . F urther in v e s t ig a t io n  w ith  the g a n g lio n -  
b lo c k in g  drug Buscopan seemed to  show th a t th ere  was a 
red u c tio n  in  the t o t a l  p a n crea tic  s e c r e t io n  ra th er  than a 
s p e c i f i c  in h ib ito r y  e f f e c t  upon enzyme form ation  or s e c r e t io n .
A ll  th e se  drugs, in c lu d in g  th ose  which produced a low er  
serum am ylase le v e l  in  the normal r a t  and ap p aren tly  reduced  
th e se c r e to r y  ra te  in  th e o b stru cted  p an creas, were in e f f e c t iv e  
in  red u cin g  a t a l l  the h igh  le v e l  o f serum amylase found in  the  
f i r s t  f o r t y - e ig h t  hours a f t e r  b i l ia r y -p a n c r e a t ic  duct l i g a t io n .  
An ex p la n a tio n  put forward i s  th a t  the r i s e  in  the serum amylase 
o ccu rr in g  a f t e r  p a n crea tic  duct o b str u c tio n  or acu te p a n c r e a tic  
d is e a s e  i s  due, n o t to  any in cr ea se  in  t o t a l  p a n c r e a tic  
s e c r e t io n ,  but to  d iv e r s io n  o f a g rea te r  p a rt o f  the s e c r e t io n  
in to  th e  i n t e r s t i t i a l  t i s s u e s  o f the p an crea s. Normally the  
amount o f p a n crea tic  s e c r e t io n  p a ss in g  in to  th e bloodstream  i s
sm a ll• In acu te p a n crea tic  d iso r d e r s , however, the  
p e r m e a b ility  o f  the gland i s  profoundly a l t e r e d ,  r e s u l t in g  in  
f lo o d in g  o f  the i n t e r s t i t i a l  t i s s u e s  w ith s e c r e t io n ,  s u f f i c i e n t  
in  amount to  obscure th e  le s s e r  changes consequent on p a r t ia l  
re d u c tio n  o f the t o t a l  p a n c r e a tic  secre tio n *  (O ther 
exp er im en ters  have succeeded in  reducing the hyperam ylasaem ia  
a t  t h i s  s ta g e  by u s in g  g a n g lio n -b lo c k in g  a g en ts  when th ere  has 
been maximal and continued  s t im u la tio n  o f the pancreas a f t e r  
duct l i g a t io n  and, in  th ese  c ircu m sta n ces, th e  p ro p o rtio n a te  
red u ctio n  o f the p a n crea tic  s e c r e t io n  by th e se  g a n g lio n -  
b lo c k in g  a gen ts  i s  much h ig h e r ) .  The serum amylase l e v e l  w i l l  
a ls o  be a f fe c te d  by the v a scu la r  s ta t e  o f th e  p a n crea s . A 
good b lood  flo w  would f a c i l i t a t e  th e c learan ce  o f ex tra v a sa ted  
s e c r e t io n  w ith  the production  o f a h igh er enzyme co n ten t in  the  
blood  thah m ight be found w ith  the same degree o f e x tr a v a sa tio n  
but a l e s s e r  b lood f lo w .
There was no ev id en ce th a t c o r t iso n e  g iven  over a sh o rt  
p er io d  has any s p e c i f i c  e f f e c t  upon p a n c r e a tic  fu n c t io n .
Most o f  the drugs used were accom panied, in  th e dosage  
g iv e n , by u n d esira b le  or dangerous s i d e - e f f e c t s  which would 
l im it  t h e ir  va lu e  in  c l in i c a l  p a n c r e a t i t i s .
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Drugs g iven  to  b lock  p a n crea tic  s e c r e t io n  are in com p lete  
in  t h e ir  e f f e c t .  The most u s e f u l ,  as fa r  as cou ld  be 
determ ined  by th e se  exp erim en ts, were the g a n g lio n -b lo c k in g  
a g e n ts .  I t  would seem th a t  h yosc in e  N -butyl bromide 
(Buscopan) was the more e f f e c t i v e  in  reducing th e p a n c r e a tic  
s e c r e t io n  in  th e r a t  and th a t i t  was su p er io r  to  th e o th e r  
g a n g lio n -b lo c k in g  agent in  th a t  th ere  were few er s i d e - e f f e c t s ,  
p a r t ic u la r ly  upon th e bowel*
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A P P E N D I X  A
SOMOGY'S SACCIIARO GENIC METHOD 
f o r
DETERMINATION OF SERUM AMYLASE
Sacch arogen ic  Method (Somogyi, 1938),  m od ified  by T a llu to  (1954)
Serum i s  incubated  with a s ta rch  s o lu t io n  and the amount o f  
red u cing  substance p resen t  i s  determined b efore  and a f t e r  the  
in c u b a t io n .  The d i f f e r e n c e  g iv e s  a measure o f  the a m y lo ly t ic  
a c t i v i t y  o f  the serum.
Reagents
1 . Starch S o lu t io n : 1 .5  grams of washed starch  i s  ground 
thoroughly  in  a mortar and then added to 70 to  80 ml. b o i l i n g  
w ater . The mortar i s  r in sed  out a few tim es  with a few m l.  
water which i s  added to  the b o i l i n g  starch  s o lu t io n .  The 
s o lu t io n  i s  b o i le d  fo r  about one minute and then heated in  a 
water bath fo r  15 to  30 m inutes , keep ing  the mouth of  th e  f l a s k  
covered w ith  an in v er te d  beaker. Allow to  coo l and make up to  
100 m l. w ith  w ater.
2 .  A c id i f i e d  Sodium C hloride S o lu t io n : D is so lv e  10 grams 
sodium c h lo r id e  in  w ater, add 3 ml. N /l0  h yd roch lor ic  a c id  and 
make up to  one l i t r e  w ith  w ater.
3 . Su lphuric A cid . 2 /3  N s o l u t i o n .
4 .  Sodium T u n g s t a t e ,  10 p e r  c e n t  s o l u t i o n .
5* S o m o g y i^  High A l k a l i n i t y  Copper R e a g e n t s D i s s o l v e  
25 grams anhydrous  sodium c a r b o n a te  and 25 grams R o c h e l l e  s a l t  
i n  a b o u t  600 ml .  w a t e r ,  add 40 ml .  normal sodium h y d ro x id e  
f o l l o w e d  by 6 grams copper  s u l p h a t e  d i s s o l v e d  i n  ab o u t  100 m l .  
w a te r  and added w i th  c o n s t a n t  s t i r r i n g .  Then add 5 grams 
p o t a s s iu m  i o d a t e  and shake w e l l .  When d i s s o l v e d ,  make to  one 
l i t r e  and mix .
6 .  S u lp h u r i c  A c id .  5 N.
7 .  n/ 200 Sodium T h i o s u l p h a t e : P r e p a r e  f r e s h l y  f o r  use
from s t o c k .  N / l0  s o l u t i o n .
8 .  S t a r c h  S o l u t i o n : As i n d i c a t e d .
Technique
P i p e t t e  5 ml .  s t a r c h  s o l u t i o n  and 2 m l .  sodium c h l o r i d e  
s o l u t i o n  i n t o  each of  t h r e e  t e s t  t u b e s .  P l a c e  two o f  t h e s e  i n  
a w a te r  b a t h  a t  40°C. f o r  a few m inu te s  to  warm up and th e n  to  
one add 1 ml .  serum ( t e s t ) ,  and to  t h e  o t h e r  1 ml .  w a te r  (w a te r  
b l a n k ) .  Then i n c u b a t e  f o r  t h i r t y  m i n u te s .  F o r  th e  serum b lank  
add 1 m l .  serum to  t h e  t h i r d  tube  f o l l o w e d  im m edia te ly  by 1 ml .
2 / 3  N s u l p h u r i c  a c i d  and 1 m l .  sodium t u n g s t a t e  s o l u t i o n .  At 
t h e  end o f  t h e  h a l f  h o u r ' s  d i g e s t i o n ,  remove from t h e  b a t h  
and add ,  w i th  s h a k in g ,  1 ml .  each  o f  t h e s e  same s o l u t i o n s .
S tand  f o r  a  few m in u te s  t h e n  c e n t r i f u g e .  F i l t e r  t h e  s u p e r ­
n a t a n t  f l u i d s  th ro u g h  smal l  f i l t e r  p a p e r s .
To each  of  th e  s u p e r n a t a n t  f l u i d s  add 5 m l .  a l k a l i n e  
copper  s o l u t i o n  and h e a t  i n  a b a t h  of  b o i l i n g  w a te r  f o r  tw en ty  
m i n u t e s ,  p lu g g i n g  th e  t u b e s  l i g h t l y  w i th  c o t t o n  wool.  Cool 
u n d e r  t h e  ru n n in g  w a t e r .  Add 1 ml .  5 N s u l p h u r i c  a c i d  and 
t i t r a t e  w i th  N/200 sodium t h i o s u l p h a t e •• S ince  t h e r e  i s  e x c e s s  
s t a r c h  p r e s e n t ,  a  b lu e  c o l o u r  i s  formed im m ed ia te ly  on 
a c i d i f i c a t i o n ,  so t h a t  as  th e  e n d - p o i n t  i s  approached  i t  i s  
n e c e s s a r y  t o  shake v i g o r o u s l y  a f t e r  each a d d i t i o n  of 
t h i o s u l p h a t e  to  p r e v e n t  o v e r s h o o t i n g  of  t h e  e n d - p o i n t .
C a l c u l a t i o n
The c o n t e n t  of  r e d u c i n g  s u b s t a n c e  i n  t h e  t h r e e  t i t r a t i o n s ,  
e x p r e s s e d  as  g lu c o s e ,  i s  r ead  from th e  t a b l e  on t h e  f o l l o w i n g  
page and t h e  amylase c a l c u l a t e d  as  f o l l o w s :
Serum amylase — Mg. g lu c o se /1 0 0  ml .  t e s t  — mg. g l u c o s e /  
( u n i t s / 1 0 0  m l . )  100 ml .  serum -  mg. g lu c o s e /1 0 0  ml .  
w a te r  b l a n k .
F o r  v a l u e s  o v e r  300 u n i t s  p e r  100 m l . ,  d i l u t e  serum w i th  0 .9  p e r  
c e n t  s a l i n e  and r e p e a t  the  t e s t .
Qlucoae per 100 Cc. of Solution Corresponding to Titration Values When B Cc. 
of 1:10 Solution and B Cc. of High Alkalinity Copper Reagent Are Heated 
in  Water Bath for 20 Minutes
0.005 n  s o d i u m  o r  t h i o s u l f a t e
0.005x
thio­
sulfate 0 0.1 cc. 0.2 cc. 0.3 cc. | 0.4 cc. | 0.5 cc. 0.6 cc. 0.7 co. | 0.8 cc. | 0.9 co.
Glucose in 100 cc. of blood or plasma
ce. mg. mg. mg. mg. mg. mg. mg. mg. mg. mg
0 18 22 26 29 32 35
1 39 42 45 48 52 55 58 61 65 68
2 71 74 78 81 84 87 90 93 96 99
3 102 106 109 112 115 118 121 124 127 130
4 133 137 140 143 146 149 152 155 158 161
5 164 168 171 174 177 180 183 186 189 192
6 195 199 202 205 208 211 214 217 220 223
7 226 229 232 235 238 241 244 247 2^0 253
8 256 260 263 266 269 272 275 278 281 284
9 287 290 293 296 299 302 305 308 311 314
10 317 321 324 327 330 333 336 339 342 345
11 348 352 355 358 361 364 367 370 373 376
12 379 383 386 389 392 395 398 401 404 407
13 410 414 417 420 423 426 429 432 435 438
14 441 445 448 451 454 457 460 463 466 469
15 472 475 478 481 484 487 490 493 496 499
16 502 506 509 512 515 518
fafcle rep ro d u ced  from M. Somogyi 's  a r t i c l e ,  
'Micromethods  o f  E s t i m a t i o n  o f  D i a s t a s e 1,
J .  b i o l .  Chem. 125:403*
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Case 1. A* A.* female aged 66 years.
P r o v i s i o n a l  D i a g n o s i s : C h o l e d o c h o l i t h i a s i s
C l i n i c a l  F e a t u r e s : Admit ted  w i th  p a i n  in  r i g h t  
hypochondrium and i n t e r m i t t e n t  
v o m i t in g .  Had p r e v i o u s  a t t a c k  
a y e a r  ago .  J a u n d i c e d .  Murphy 
p o s i t i v e .
B l o o d : W.B.C. -  1 8 , 600/cu.mm.
Serum amylase over  1,600 u n i t s .
U r i n e : B i l e  p r e s e n t ,
X - r a y : P o o r ly  f u n c t i o n i n g  g a l l  b l a d d e r ,  
No s t o n e s  s een .
T r e a t m e n t : C o n s e r v a t i v e .  Followed up f o r  two 
months w i th o u t  r e c u r r e n c e .
F i n a l  D i a g n o s i s : Acute c h o l e c y s t i t i s j  p a n c r e a t i t i s .
Case 2 . C. A. ,  female aged 69 y e a r s .
P r o v i s i o n a l  D i a g n o s i s : ? Coronary  t h ro m b o s i s  ? p a n c r e a t i t i s .
C l i n i c a l  F e a t u r e s : While in  ward w i th  s u s p e c te d
c h o l e l i t h i a s i s ,  sudden c o l l a p s e  wi th  
p r a e c o r d i a l  p a i n ,  p a l l o r  and c y a n o s i s .  
E.C.G. normal .
2 2 6 .
B l o o d : Serum amylase (2  ho u rs  a f t e r  o n s e t )  
over  4 ,000  u n i t s .
X - r a y : 
T r e a t m e n t :
G a l l s t o n e s  p r e s e n t .
C o n s e rv a t iv e  ( p e t h i d i n e ) .  No f o l l o w  
u p .
F i n a l  D i a g n o s i s : C h o l e l i t h i a s i s ;  a c u t e  p a n c r e a t i t i s .
Case 3 . M. J . ,  female  aged 56 y e a r s .
P r o v i s i o n a l  D i a g n o s i s : S tone i n  common b i l e  d u c t .
C l i n i c a l  F e a t u r e s : P a in  in  r i g h t  hypochondrium and 
v o m i t in g  f o r  5 d a y s .  S e v e ra l  a t t a c k s  
over  t h e  p a s t  month.
B lo od : J a u n d ic e d  -  Van den Bergh 12 .5  mgm. 
b i l i r u b i n / 1 0 0  ml .
Serum amylase 2 ,133  u n i t s .
X - r a y : Cholecystogram n e g a t i v e  b u t  o p e r a t i v e  
cholangiogram showed smal l  s to n e  a t  
lower end o f  common b i l e  d u c t .
T r e a t m e n t : Immediate -  c o n s e r v a t i v e .  
Choledochostomy and cho lecy s tec to m y  
a f t e r  16 days .  No f o l l o w  up .
F i n a l  D i a g n o s i s : C h o l e d o c h o l i t h i a s i s ;  a cu te  
p a n c r e a t i t i s .
Case 4 . W. C., male aged 68 years.
P r o v i s i o n a l  D i a g n o s i s : C h o l e l i t h i a s i s .
C l i n i c a l  F e a t u r e s : C o n s tan t  p a i n  i n  r i g h t  hypochondrium 
w i th  some v o m i t in g  f o r  5 d a y s .
S l i g h t  j a u n d i c e .
B lo o d : Serum amylase :  1,600  u n i t s
(on a dm is s ion )
533 u n i t s
(48 hou rs  l a t e r )
U r i n e : Trace of  b i l e .
E l e c t r o c a r d i o g r a m : P o s t e r i o r  m yocard ia l  i n s u f f i c i e n c y ,
X - r a y : F u n c t i o n i n g  g a l l  b l a d d e r .  No 
s t o n e s  s een .
T r e a t m e n t : C o n s e r v a t i v e •
F i n a l  D i a g n o s i s : ? C h o l e c y s t i t i s ; p a n c r e a t i t i s
Case 5. M. A., female aged 27 years.
P r o v i s i o n a l  D i a g n o s i s : Acute p a n c r e a t i t i s .
C l i n i c a l  F e a t u r e s : Admit ted  w i th  n a u s e a ,  r e t f i h in g  and
se v e re  p a i n  in  e p i g a s t r i u m  and l e f t  
l o i n  f o r  48 h o u r s .  J a u n d i c e d ,  
a c u t e l y  d i s t r e s s e d  w i th  sh a l lo w  
b r e a t h i n g .  No bowel sounds h e a r d .
W.B.C. 1 2 , 0 0 0 /  eu.mm.
Serum amylase 1,600 u n i t s .
B i l e  + -v ■+; t r a c e  albumen; no s u g a r .
Ches t  n e g a t i v e .  Scout  f i l m  of  
abdomen showed segmental  i l e u s  
je junum.
B lo o d :
U r i n e : 
X - r a y :
T r e a t m e n t : C o n t in u a l  g a s t r i c  s u c t i o n  and
p a r e n t e r a l  f l u i d s .  C o e l i a c  p le x u s  
b lock  (15 ml .  lf> x y lo c a in e  r i g h t  and 
l e f t )  -  no b e n e f i t .
P e n i c i l l i n  and s t r e p to m y c in  (2 weeks)
-  Aureomycin -  E ry th rom yc in .
P e t h i d i n e  100 mgm* S.O .S .
P r o g r e s s :
F i r s t  Week: F a i r l y  r a p i d  r e l i e f  of  th e  a c u t e
symptoms b u t  p e r s i s t e n t  d i s t e n s i o n  
wi th  nausea  and v o m i t in g .  Serum 
amylase w i th in  normal l i m i t s  by f o u r t h  
day b u t  j a u n d ic e  t e n d e d  to  deepen .
S eco n d  Week:
T h ir d  Week:
F o u r t h  Week:
L a p a r o to m y :
F u r t h e r  P r o g r e s s :
Continued to  have troublesom e i l e u s .
Bowel  so u nd s  f i r s t  a u d i b l e  on s e v e n t h  
day and g a s t r i c  s u c t i o n  and i n t r a v e n o u s  
t h e r a p y  s t o p p e d  on t w e l f t h  d a y .
G enera l  improvement  i n  c o n d i t i o n  w i t h  
t e m p e r a t u r e  s e t t l i n g  and j a u n d i c e  
g e t t i n g  l e s s .  P a l p a b l e  s w e l l i n g  i n  
e p i g a s t r i u m  and l e f t  hypochon d r ium .
? S w o l l e n  p a n c r e a s  o r  d e v e l o p i n g  p s e u d o ­
c y s t .
Onse t  o f  d r u g - r e s i  s t e n t  s t a p h y l o c o c c a l  
i n t e r s t i t i a l  pneumonia a f f e c t i n g  l e f t  
s i d e  and th e n  s p r e a d i n g  t o  r i g h t .  
R e t r o p e r i t o n e a l  s w e l l i n g  i n  l e f t  h y p o -  
chondrium d i s p l a c i n g  t h e  stomach  downwards  
and f o r w a r d s .  Some i l e u s  o f  s p l e n i c  
f l e x u r e  and s m a l l  b o w e l .
On o p e n i n g  t h e  abdomen t h e r e  was w i d e s p r e a d  
f a t  n e c r o s i s  w i t h  c a l c i f i c a t i o n .  The 
u pp er  ab dom ina l  o r g a n s  were m a t te d  t o g e t h e r  
and t h e  p a n c r e a s  was g r e a t l y  e n l a r g e d  and 
h a rd .  The l i v e r  was d i s t i n c t l y  e n l a r g e d  
and a l m o s t  b l a c k  i n  c o l o u r  w i t h  i c t e r u s .
The g a l l  b l a d d e r  c o n t a i n e d  s t o n e s .  No 
s u b p h r e n i c  a b s c e s s  was p r e s e n t .  The g a l l  
b l a d d e r  was e m p t ie d  o f  s t o n e s  ( o v e r  600)  
and d r a i n e d .  Abdomen c l o s e d .
F o l l o w i n g  o p e r a t i o n  t h e  p a t i e n t  c o n t i n u e d  
c r i t i c a l l y  i l l  w i t h  an i r r e g u l a r  p y r e x i a  
(up t o  103 F . )  f o r  e i g h t  w e ek s ,  w i t h  marked 
t a c h y c a r d i a  and i r r e g u l a r  r e s p i r a t i o n .  
C l i n i c a l l y  and r a d i o l o g i c a l l y  t h e r e  was a 
s l o w l y  p r o g r e s s i v e  b i l a t e r a l  b a s a l  
pneumonia w i t h  sm al l  l e f t  p l e u r a l  e f f u s i o n .  
T his  was n o t  a p p r e c i a b l y  i n f l u e n c e d  by 
aureom ycin  o r  e r y t h r o m y c i n  but  t h e  p r o g r e s s ­
i o n  seemed t o  be h a l t e d  and r e v e r s e d  by 
r e p e a t e d  b lo o d  t r a n s f u s i o n s .  D i s m i s s e d  
f o r  c o n v a l e s c e n c e  a f t e r  t w e l v e  w e e k s .  Seen  
t h r e e  y e a r s  l a t e r  h a v i n g  re mained  w e l l  
w i t h o u t  j a u n d i c e  or  symptoms.
Case 6. M# S., female aged 55 years*
P r o v i s i o n a l  D i a g n o s i s : P a n c r e a t i t i s .
C l i n i c a l  F e a t u r e s : Admit ted  w i th  sudden s e v e re  and
c o n s t a n t  e p i g a s t r i c  p a in  o f  s i x  
h o u r s '  d u r a t i o n .  P a t i e n t  shocked 
( P .P .  1 0 0 /5 0 ) ,  p a l e  and f r e q u e n t l y  
v o m i t in g  smal l  amounts of  b i l e -  
s t a i n e d  f l u i d .
B lo o d : Serum amylase 1,600 u n i t s
(on a d m is s io n )
2 ,133  u n i t s  
( a f t e r  24 h o u r s ) .
X - r a y : Cholecys togram showed no s t o n e s .
P r o g r e s s : Improved w i th  c o n s e r v a t i v e  t r e a t m e n t
( p e t h i d i n e ,  c o n t i n u a l  g a s t r i c  s u c t i o n  
and p e n i c i l l i n  and s t r e p t o m y c in )  b u t  
abdominal p a in  p e r s i s t e d .  A f t e r  48 
h ou rs  a c o e l i a c  p l e x u s  b lock  w i th  Vfo 
x y lo c a in e  gave permanent  a l l e v i a t i o n .
S u b s eq u en t ly  o c c a s i o n a l  nausea  and 
f l a t u l e n c e  bu t  no p a i n .
Case 7. M. G., female aged 58 years#
P r o v i s i o n a l  D i a g n o s i s : C h o l e l i t h i a s i s  and a c u t e  c h o l e c y s t i t i s .
C l i n i c a l  F e a t u r e s : Admit ted  w i th  p a i n  in  r i g h t  hypochondr-
ium and v o m i t in g  f o r  s e v e r a l  h o u r s .
Has had s i m i l a r  a t t a c k s  o ve r  t h e  p a s t  
f o u r  y e a r s ,  p r e c i p i t a t e d  by t a k i n g  
p o t a t o e s  o r  f a t t y  f o o d s .  G ro s s ly  
obese woman, r e t c h i n g  and in  obv ious  
d i s t r e s s .  Not j a u n d i c e d .
B lo o d : Serum amylase 2 ,560 u n i t s #  72 hours
l a t e r  -  400 u n i t s .
X - r a y s : B i l i a r y  t r a c t  n o t  i n v e s t i g a t e d  as
p a t i e n t  t r a n s f e r r e d  e l s e w h e re .
P r o g r e s s : S e t t l e d  i n  3-4 hours  w i th  c o n s e r v a t i v e
t r e a t m e n t .
Case 8 .  E.  McC., female  aged 78 y e a r s .
P r o v i s i o n a l  D i a g n o s i s : Acute p a n c r e a t i t i s .
C l i n i c a l  F e a t u r e s : Abdominal d i s c o m f o r t  f o r  a week w i th  
sudden o n s e t  of  s e v e re  p a i n  and nausea  
f o r  a few h o u r s .  Obese,  d i s t r e s s e d  
o ld  lady  s i t t i n g  p ropped  up in  bed 
w i th  dyspnoea .  Not j a u n d i c e d .  Retch­
ing  w i th o u t  v o m i t .  Upper abdomen 
d i s t e n d e d  and t y m p a n i t i c .
B lood: Serum amylase 2 ,133  u n i t s ,  f a l l i n g  to  
200 u n i t s  a f t e r  48 h o u r s .
W.B.C. 22,450 c e l l s / c u .m m .
U r i n e : No b i l e ,  albumin o r  s u g a r  p r e s e n t #
X - r a y s : G a s - f i l l e d  c o i l s  o f  smal l  i n t e s t i n e  
v i s i b l e  i n  r i g h t  lumbar r e g i o n .
T rea tm e n t  : S e t t l e d  r a p i d l y  w i th  c o n s e r v a t i v e  
t r e a t m e n t .  No f o l l o w - u p .
Case 9 . B. G . , female  aged 78 y e a r s .
P r o v i s i o n a l  D i a g n o s i s : ? C h o l e l i t h i a s i s ;  ? p a n c r e a t i t i s .
C l i n i c a l  F e a t u r e s : Admit ted  wi th  p a i n ,  nausea  and 
v o m i t in g  f o r  t h r e e  days .  Pa in  
r a d i a t e d  from r i g h t  hypochrondr ium 
i n t o  l e f t  f l a n k .
B lood: Serum amylase 2,667 u n i t s ,
U r i n e : No a lbumin ,  b i l e  o r  suga r  p r e s e n t ,
X - r a y : Cholecys togram showed m u l t i p l e  s to n e s  
in  p o o r l y  f u n c t i o n i n g  g a l l  b l a d d e r .
T re a tm e n t : C o n s e r v a t i v e .  C o e l i a c  p l e x u s  b lock  
w i th  Vfo x y l o c a i n e .
P r o g r e s s :
F i n a l  D i a g n o s i s :
Recovery  u n e v e n t f u l .  No fo l low -up ,
C h o l e l i t h i a s i s ;  a c u t e  p a n c r e a t i t i s
Case 10. J, R., male aged 54 years.
P r o v i s i o n a l  D i a g n o s i s : O b s t r u c t i v e  j a u n d i c e .
C l i n i c a l  F e a t u r e s : A dmit ted  w i th  e p i g a s t r i c  p a i h  f o r
f i v e  d a y s .  On t h e  t h i r d  day p a i n  
p a s s e d  th ro u g h  to  t h e  back and was 
accompanied by h a u s e a  and v o m i t i n g .  
J a u n d i c e d  on ad m iss io n  (Van den 
Bergh 7 . 5  u n i t s / b i l i r u b i n / l O O  m l . )  
w i th  s l i g h t  t e n d e r n e s s  in  r i g h t  
hypochondrium and a p a l p a b l e  l i v e r .
B lo o d : Serum amylase "over  400 u n i t s "  and
3,200 u n i t s  on r e p e a t .
U r i n e : B i l e  p r e s e n t .  No g l y c o s u r i a .
T r e a t m e n t : C o n s e r v a t i v e .  Laparotomy on
r e - a d m i s s i o n . f o r  r e l a p s e .
P r o g r e s s : D isch a rg ed  "w e l l "  on th e  n i n e t e e n t h
day b u t  had a r e l a p s e  w i th  c o l i c k y  
abdominal  p a in  and j a u n d ic e  abou t  
t h r e e  weeks l a t e r .  At laparo tomy 
t h e r e  was a c h o l e c y s t i t i s  b u t  no 
c h o l e l i t h i a s i s .  There was a s u b s i d ­
in g  p a n c r e a t i t i s  w i th  minute f o c i  o f  
f a t  n e c r o s i s .  P a t i e n t  has  co n t in u e d  
w e l l  s i n c e  d i s m i s s a l .
F i n a l  D i a g n o s i s : Acute n o n - c a l c u l u s  c h o l e c y s t i t i s ;  
p a n c r e a t i t i s .
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Case ll* M. K., female aged 50 years.
P r o v i s i o n a l  D i a g n o s i s : Acute p a n c r e a t i t i s .
C l i n i c a l  F e a t u r e s : Sudden o n s e t  o f  e p i g a s t r i c  p a i n
r a d i a t i n g  t o  hypochondriurn and back ,  
of  a  few h o u r s '  d u r a t i o n .  Vomit ing  
f o l l o w e d .  P a t i e n t  was p a l e ,  shocked 
and cyanosed on a d m is s io n .  W r i th in g  
and r e t c h i n g  w i th  on ly  s l i g h t  upper  
abdominal  g u a rd in g ,  B.P.  120/80 .  
H i s t o r y  o f  a d d i c t i o n  to  a l c o h o l i c  
e x c e s s .
B lo o d ; Serum amylase 1,600 u n i t s
(on adm iss ion )
400 u n i t s  
( a f t e r  24 h o u r s )
200 u n i t s  
( a f t e r  48 h o u r s ) .
U r i n e : No b i l e  o r  g l y c o s u r i a .
X - r a y : Cholecys togram ( a f t e r  two weeks) 
n e g a t iv e *
T r e a t m e n t : C o n s e r v a t i v e .
P r o g r e s s : U n e v e n t f u l •
Case 12. B. T., female aged 70 years.
P r o v i s i o n a l  D i a g n o s i s : 
C l i n i c a 1 Fe a t u r e  s :
A c ute  p a n c r e a t i t i s ;  c h o l e l i t h i a s i s .
A d m i t t e d  w i t h  s e v e r e  ab dom in a l  p a i n  
and r e t c h i n g  o f  12 h o u r s '  d u r a t i o n .  
E l d e r l y  o b e s e  woman, l o o k i n g  i l l ,  w i t h  
a d i s t e n d e d  and g e n e r a l l y  t e n d e r  
abdomen. Had been  i n  h o s p i t a l  f o u r  
months  p r e v i o u s l y  w i t h  d i a g n o s i s  o f  
" d i v e r t i c u l i t i s "  (no serum a m y la s e  
m e a s u r e m e n t s ) .
B l o o d : Serum a m y la s e  2 , 1 3 3  u n i t s  ( f o l l o w i n g
m o r n i n g ) .
U r i n e : No s u g a r ,  b i l e  o r  a lb u m in .  U r i n a r y  
d i a s t a s e  -  o v e r  40 0  Wohlgemuth U n i t s .
T r e a t m e n t : P e t h i d i n e ,  i n t r a v e n o u s  f l u i d s ,  
p e n i c i l l i n  and s t r e p t o m y c i n .
P r o g r e s s : On t h i r d  day p a s s e d  r e c t a l l y  a l a r g e  
number o f  s m a l l  f a c e t t e d  g a l l s t o n e s .  
D i s m i s s e d  home on n i n t h  d a y .  S i n c e  
t h e n  h a s  had p e r i o d i c  a t t a c k s  o f  
a bdom inal  p a i n  w i t h  n a u s e a  and v o m i t i n g ,
F i n a l  D i a g n o s i s : C h o l e l i t h i a s i s ;  a c u t e  p a n c r e a t i t i s .
Case 13. J. C., female aged 59 years.
P r o v i s i o n a l  D i a g n o s i s : O b s t r u c t i v e  j a u h d i c e  due to
c h o l e d o c h o l i t h i a s i s .
C l i n i c a l  F e a t u r e s : I n t e r m i t t e n t  p a i n  i n  u p p e r  abdomen
r a d i a t i n g  i n t o  back f o r  t h r e e  weeks,  
w i th  c o n s t a n t  s e v e re  p a i n  f o r  tw e lve  
h o u r s .  J a u n d i c e d .  P a l p a b l e  g a l l  
b l a d d e r .
B lood: Serum amylase o ve r  1,600 u n i t s .
U r i n e : B i l e  p r e s e n t .  No albumin o r  sugar,
X - r a y : Cholecys togram showed la m ina ted  
b i l i a r y  c a l c u l i  in  g a l l  b l a d d e r .
Dye i n  h e p a t i c  and b i l e  d u c t s ,  which 
were s l i g h t l y  d i s t e n d e d .
T rea tm en ts S e t t l e d  w i th  c o n s e r v a t i v e  t r e a t m e n t .
P r o g r e s s : Continued  to  have r e c u r r e n t  a t t a c k s  
of  p a i n .  Had c h o lecy s tec to m y  f o r  
c h o l e c y s t i t i s  and c h o l e l i t h i a s i s  15 
months l a t e r .  O p e ra t iv e  ©holah 'g iDi­
gram showed no ev id en ce  of  s t o n e s  in  
the  common b i l e  d u c t .
F i n a l  D i a g n o s i s : Acute c h o l e c y s t i t i s  and c h o l e l i t h i a s i s  
a c u t e  p a n c r e a t i t i s .
Case 14. E. F., female aged 20 years.
P r o v i s i o n a l  D i a g n o s i s : ? Acute p a n c r e a t i t i s .
C l i n i c a l  F e a t u r e s Complained o f  lower abdominal  p a i n  
w i th  v o m i t in g  f o r  48 h o u r s .  When 
a d m i t t e d  was in  s e v e re  abdominal  
p a in  w i th  some t e n d e r n e s s  and gu a rd ­
in g  i n  u p p e r  abdomen. No j a u n d i c e .
B lood: Serum amylase 3,200  u n i t s .
U r i n e : Trace  of  b i l e .  No suga r  o r  albumin,
X - r a y s : 
T rea tm en ts
Cholecys togram ( l a t e r )  -  n e g a t i v e .
C o n s e rv a t iv e  ( i n t r a v e n o u s  f l u i d s ,  
g a s t r i c  s u c t i o n  and p e t h i d i n e ) .  
S e t t l e d  r a p i d l y .
P r o g r e s s : No f u r t h e r  a t t a c k s  i n  s h o r t  f o l l o w -  
up p e r i o d .
F i n a l  D i a g n o s i s : Acute p a n c r e a t i t i s .
Case 15: J . C., male aged 53 years*
P r o v i s i o n a l  D i a g n o s i s : ? P e r f o r a t e d  p e p t i c  u l c e r .
C l i n i c a l  F e a t u r e s : Admit ted on 7 . 1 . 5 8  w i th  s e v e re
e p i g a s t r i c  p a i n ,  r e t c h i n g  b u t  no 
v o m i t in g ,  of  tw e lve  hours* d u r a t i o n .  
No h i s t o r y  of  p r e v i o u s  d y s p e p s i a ,  
abdominal  pa in  o r  j a u n d i c e .  S h o r t  
(height 5 f t ,  4 i n . ) ,  s t o u t  (w e ig h t  
18 s t o n e s  2 pounds) man w i th  g rey  
a p p e a ra n c e ,  s w e a t in g  p r o f u s e  l y .  
Guarding  of  u ppe r  abdomen.
Laparo tomy: No gas o r  f r e e  f l u i d  in
abdomen. Stomach,  duodenum and g a l l  
b l a d d e r  no rm al .  P a n c re a s  t h i c k e n e d .  
No f a t  n e c r o s i s .
.Blood: Serum amylase on adm iss ion  1,600 u n i t s  
second day 380 u n i t s
X -r a y s : Barium meal n e g a t i v e .
Cholecys togram ( t e t r a  and b i l i g r a f i n )  
n e g a t i v e ,
E l e c t r o c a r d i o g r a m : Appearances  n o n - s p e c i f i c  and sugges ted  
m yocard ia l  im pa i rm en t .
P r o g r e s s : S e t t l e d  w i th  c o n s e r v a t i v e  t r e a t m e n t
and d i s m is s e d  home.
S ubsequen t  P r o g r e s s : 2 8 . 1 .5 8  -  f i r s t  r e l a p s e .  Severe
abdominal  p a i n .  D i s t r e s s e d  and 
shocked .  Serum amylase 1,600 u n i t s .  
S e t t l e d  with  c o n s e r v a t i v e  t r e a t m e n t .
2 6 . 5 .5 8  -  second r e l a p s e .
Abdominal p a in  and v o m i t in g  f o r  
s e v e r a l  h o u r s .  Serum amylase
2,133 u n i t s ;  w . b . c .  27 ,500 .
Appeared t o  respond  w el l  t o  Buscopan 
t a b s .  2 f o u r - h o u r l y  ,
1 7 .6 .5 8  -  t h i r d  r e l a p s e .  R e c u r r e n t  
p a i n .  Had s topped t a k i n g  Buscopan.
3 0 . 6 .5 8  -  f o u r t h  r e l a p s e .  A t te n d ed  
a n o t h e r  h o s p i t a l  w i th  ? p e p t i c  u l c e r  
bu t  no u l c e r  found .
O c to b e r ,  1958 -  On Buscopan.  No 
f u r t h e r  a t t a c k s .
Case 16. B. B . ,  female  aged 63 y e a r s .
P r o v i s i o n a l  D i a g n o s i s : C h o l e l i t h i a s i s  w i th  b i l i a r y  c o l i c .
C l i n i c a l  F e a t u r e s : Severe abdominal p a i n  and n ausea  f o r
a few h o u r s .  Looked i l l  w i th  v e ry
s e v e re  p a i n .  B .P .  200/95 .  No
j a u n d i c e •
Blood:
E l e c t r o c a r d i o g r a m : 
X - r a y :
Serum amylase 1,067 u n i t s  on a d m is s ion ;
267 u n i t s  a f t e r  48 h r s ;  
178 u n i t s  on 10th  day .
P o s t e r i o r  m yocard ia l  i s c h a e m ia .
F u n c t i o n in g  g a l l  b l a d d e r  w i th  m u l t i p l e  
non-opaque c a l c u l i .  No d e f i n i t e  
d i l a t i o n  of  common b i l e  d u c t .
T re a tm e n t : C o n s e r v a t i v e .
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R e c u r r e n t  a t t a c k s  f o r  48 hou rs  
the n  r e c o v e ry .  No subse quen t  
a t t a c k s •
C h o l e l i t h i a s i s ;  a c u t e  p a n c r e a t i t i s .
Case l 7 o M. McL., female aged 26 y e a r s .
P r o v i s i o n a l  D i a g n o s i s : P e r f o r a t e d  p e p t i c  u l c e r .
C l i n i c a l  F e a t u r e s : Admit ted w i th  e p i g a s t r i c  pa,in go ing
th ro u g h  t o  the  back and a l i t t l e  
v o m i t in g  f o r  48 h o u r s .  Had t e n d e r ­
n e s s  and r i g i d i t y  up p e r  abdomen and 
has  had i n t e r m i t t e n d  e p i g a s t r i c  p a in  
f o l l o w i n g  c h i l d b i r t h  f o u r  months 
p r e v i o u s l y .
Laparo tomy: There was s w e l l i n g  and
oedema of p a n c re a s  w i th  b l o o d s t a i n e d  
exuda te  and f a t  n e c r o s i s  in  omentum, 
p a r i e t a l  pe r i toneum  and t r an sv e r . s e  
c o lo n .  G all  b l a d d e r  and d u c t s  normal .
B lood :  Serum amylase (day  a f t e r  ad m iss io n )
914 u n i t s .
P r o g r e s s : P o s t o p e r a t i v e  course  u n e v e n t f u l .  Had
a t t a c k  of  p a in  w i th  o b s t r u c t i v e  j a u n d ic e  
n ine  months l a t e r .  R e -ad m i t t ed  with  
a c u t e  r e l a p s e  16 months a f t e r  f i r s t  
a t t a c k .  Pa in  and v o m i t in g  f o r  e i g h t  
h o u r s .  Serum amylase 2,667 u n i t s ;
1,600 u n i t s  (24 h o u r s ) ;  178 u n i t s  
(72 h o u r s ) .
P r o g r e s s :
F i n a l  D i a g n o s i s :
F i n a l  D i a g n o s i s : Acute p a n c r e a t i t i s  w i th  ac u t e  r e l a p s e s .
Case 18. J, S . ,  male aged 32 years*
P r o v i s i o n a l  D i a g n o s i s : Acute p a n c r e a t i t i s .
C l i n i c a l  F e a t u r e s ; Sudden seve re  e p i g a s t r i c  p a i n  w i th  
n a u s e a .  Has had s e v e r a l  s i m i l a r  
a t t a c k s  in  p a s t  y e a r .  B .P .  150 /75 .
B lood: Serum amylase 4 ,571  u n i t s  on Admission;
1,470 u n i t s  a f t e r  24 h r s .
X - r a y : Barium meal showed s l i g h t  duodenal  cap 
i r r i t a b i l i t y  w i th o u t  ev idence  of  
u l c e r a t i o n .  Some ra d io -o p a q u e  g a l l  
s t o n e s  seen  in  g a l l  b l a d d e r .
T r e a tm e n t :  Immediate -  c o n s e r v a t i v e .
Cholecys tec tomy s i x  weeks l a t e r .
C h o le c y s te c to m y : A smal l  t h i c k - w e l l e d  g a l l  b l a d d e r
f i l l e d  w i th  s t o n e s  was removed.  No 
a b n o r m a l i t y  of  s tomach o r  duodenum o r  
g ro s s  ev idence  of p a n c r e a t i c  d i s e a s e .  
O p e ra t iv e  cho lecys togram  showed normal 
b i l i a r y  t r a c t s  w i th o u t  dem ons t rab le  
o b s t r u c t i o n  to  t h e  f low of t h e  c o n t r a s t  
medium i n t o  th e  duodena l  lo o p .
P r o g r e s s :  Convalescence com pl ica ted  by a pneumonia
due to  F r i e d l a n d e r 1s b a c i l l u s  b u t  c h e s t  
was c l i n i c a l l y  and r a d i o l o g i c a l l y  c l e a r  
on d i s m i s s a l .  No r e c u r r e n c e  of  
abdominal  p a in  in  subsequen t  f o u r  
months.
Case 19« C, S., female aged 68 years.
P r o v i s i o n a l  D i a g n o s i s : Acute r e l a p s i n g  p a n c r e a t i t i s
( d ia g n o s e d  e l sew here  and r e f e r r e d ) .
C l i n i c a l  F e a t u r e s : R e c u r r e n t  a t t a c k s  of  ac u t e  abdominal
p a i n  o v e r  two y e a r s ,  l a s t i n g  s e v e r a l  
hou rs  a t  a  t i m e .
Blood : Serum amylase 8 ,000  u n i t s  (when i n  
m e d ica l  ward) .
L i v e r  f u n c t i o n  and b lood u r e a  no rm al .
U r i n e : No b i l e ,  suga r  o r  albumin
X -r a y s : Barium meal and enema n e g a t i v e .  
Cholecys togram showed a n o n - f u n c t i o n i n g  
g a l l  b l a d d e r .
T re a tm e n t : C o n s e r v a t i v e ,  w i th  low f a t  d i e t .  
Laparotomy r e f u s e d .
F i n a l  D i a g n o s i s : ? C h o l e c y s t i t i s ;  a c u t e  r e l a p s i n g  
p a n c r e a t i t i s .
Case 2 0 . D. C . ,  male aged 66 y e a r s .
P r o v i s i o n a l  D i a g n o s i s : Acute r e l a p s i n g  p a n c r e a t i t i s .
( p a n c r e a t i t i s  d iagnosed  in  1953) .
C l i n i c a l  F e a t u r e s : Admitted  wi th  abdominal  pa in  and
vo m i t in g  f o r  12 h o u r s .  Has had 
p e r i o d i c  a t t a c k s  over  th e  p a s t  f o u r  
y e a r s •
1953 -  lapa ro tom y .  Acute 
p a n c r e a t i t i s  found .  B i l i a r y  
t r a c t  normal end no o t h e r  
a b n o r m a l i t y  found .
1956 -  c h o l e c y s t e c t o m y . No 
g a l l s t o n e s .
B lo o d : Serum amylase ove r  1,600 u n i t s .
T r e a t m e n t : C o n s e r v a t i v e .
F i n a l  D i a g n o s i s : Acute r e l a p s i n g  p a n c r e a t i t i s .
Case 2 1 . E.  C . ,  female  aged 68 y e a r s .
P r o v i s i o n a l  D i a g n o s i s : R e l a p s in g  p a n c r e a t i t i s .
t
C l i n i c a l  F e a t u r e s : A dmit ted  wi th  u p p e r  abdominal p a i n
and v o m i t in g  f o r  t h r e e  days .  No 
j a u n d i c e .  At laparo tomy one y e a r  
b e f o r e ,  c h o l e l i t h i a s i s  and s u b s i d i n g  
p a n c r e a t i t i s  fo u n d .  Cholecys tec tomy 
p e r fo rm e d .
B lood :  Serum amylase 200 u n i t s .
U r i n e :  No s u g a r .
T r e a t m e n t : C o n s e r v a t i v e .
P r o g r e s s :  P e r i o d i c  a t t a c k s  o f  p a i n .  Subsequen t ly
deve loped  d i a b e t e s .
F i n a l  D i a g n o s i s : R e l a p s i n g  p a n c r e a t i t i s .
Case 2 2 , M. A., female aged 49 years*
P r o v i s i o n a l  D i a g n o s i s ; C h o l e c y s t i t i s .
C l i n i c a l  F e a t u r e s Admit ted  t o  a n o t h e r  u n i t  w i th  p a i n  
i n  r i g h t  hypochondrium, abdominal  
r i g i d i t y  and g u a r d in g .  T r a n s f e r r e d  
when a c u t e  symptoms had s u b s i d e d .
B loodi Serum amylase ( 14 th  day o f  i l l n e s s )  
400 u n i t s .
Laparotomy : P a n c re a s  n o d u la r  and f i rm  w i th  a r e a s  
of  f a t  n e c r o s i s .  No d i s e a s e  of 
s tomach,  duodenum o r  g a l l  b l a d d e r .
F i n a l  D ia g n o s i s S u b s id in g  p a n c r e a t i t i s .
Case 2 3 . S. F , ,  female  aged 49 y e a r s ,
P r o v i s i o n a l  D i a g n o s i s : C h o l e l i t h i a s i s  w i th  c h o l e c y s t i t i s .
C l i n i c a l  F e a t u r e s : Obese woman w i th  a t t a c k s  of  p a i n  and 
v o m i t in g  a f t e r  food  f o r  two weeks.  
Not j a u n d i c e d .
B lo o d : Serum amylase 178 u n i t s .
P r o g r e s s : C o n d i t io n  s e t t l e d  r a p i d l y  and p a t i e n t  
i r r e g u l a r l y  d i s m is s e d  h e r s e l f .  
R e c u r r e n t  a t t a c k  one week l a t e r  and 
r e f e r r e d  back to  U n i t  a f t e r  acu te  
symptoms had s e t t l e d .  Serum amylase 
200 u n i t s .
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Laparo tomy: Large g a l l  b l a d d e r  f i l l e d
w i th  g a l l s t o n e s .  Area of  p a n c r e a t i t i s  
a bou t  two in c h e s  in  d i a m e te r  i n  head of  
p a n c r e a s .  No s to n e s  i n  b i l i a r y  d u c t s .  
C ho lecys tec tom y.
F i n a l  D i a g n o s i s : C h o l e l i t h i a s i s ;  s u b s i d i n g  p a n c r e a t i t i s .
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C . l
Serum Amylase i n  Alb ino R a t s  ( W is t a r  S t r a i n )  
( 25 r a t s  : Wt. 250-350 Gm.)




2,278$ 2 ,172 ;  2 ,008 ;  2 ,1 2 9 ;  1 ,987 ;  1 ,901 ;
1 ,8 5 9 ;  1 ,847 ;  1 ,825 ;  1 ,798 ;  1 ,693 ;  1 ,690 ;
1 ,682 ;  1 ,669 ;  1 ,667 ;  1 ,648 ;  1 ,640;  1 ,634 ;
1 ,605 ;  1 ,568 ;  1 ,540 ;  1 ,504 .
Range: 2 ,288  -  1 ,504  u n i t s / 1 0 0  ml.
Mean : 1,812 u n i t s / lO O  ml .
S ta n d a rd  
D e v i a t i o n ! 228 u n i t s / l O O  ml
C o e f f i c i e n t  of  V a r i a t i o n :  12 .6  p e r  c e n t .
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Serum Amylase in  O b stru ctive  P a n c r e a t i t i s  
( w ithout b i l i a r y  r e f l u x )
Time a f t e r  
L i g a t i o n
Serum Amylase Readings  
(U n i ts / lOO  m l . ) Mean
No. o f  
R a t s
24 h r s . 12 ,110 ;  11 ,945 ;  9 ,6 2 7 ;  8 ,5 9 2 ;  
7 ,654
10,000 5
36 h r s .
17 ,704 ;  15 ,761 ;  14 ,271 ;  14 ,163;  
13 ,167 ;  11 ,073 ;  10 ,467 ;  9 ,7 4 8 ;  
8 ,8 5 2 ;  7 , 2 8 9 ;  6,182
11,700 11
48 hrs* 16 ,439 ;  11 ,052 ;  6,670 11,400 3
72 h r s . 2 ,343 - 1
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C .3
Serum Amylase in  O b s t r u c t i v e  P a n c r e a t i t i s  
( w i th  b i l i a r y  r e f l u x )
Time a f t e r  
L i g a t i o n
Serum Amylase R eadings 
(U n its /lO O  m l . ) Mean
No. o f  
R a ts
24 h r s .
16,236$ 14,820$ 14,771$ 14,479$ 
12,271$ 11,479$ 10,083$ 10,065$ 
8,413$ 7,945$ 6,967$ 4 ,8 7 6
11,000 12
36 h r s .
18,492$ 13,891$ 13,605$ 12,314$ 
11,955$ 10,770$ 10,942$ 9,286$ 
9,120$ 8,536$ 7 ,945
11,530 11
48 h r s .
13,789$ 12,285$ 10,445$ 9,483$ 
8,993$ 9,344$ 7,486$ 5 ,252 9,890 8
66 h r s . 1,985$ 2,213$ 2 ,808 2,335 3
72 h r s . 2,358$ 1,958$ 1,288$ 1,240 1,710 4
96 h r s . 1,824$ 1,380$ 1,145$ 784 1,283 4
C.4
Serum Amylase in Obstructive Pancreatitis
and Frobanthine
Time a f t e r  
L i g a t i o n
Serum Amylase Readings 
(U n its / lO O  m l . ) Mean
No. o f  
R a ts
24 f i r s . .17,245; 15 ,357 ; 8 ,551 13,717 3
36 h r s .
18 ,907 ; 16 ,804 ; 15 ,661 ; 13 ,571 ; 
12 ,855 ; 10,076 14,646 6
48 h r s . 11 ,529 ; 10 ,929 ; 6 ,533 9,664 3
72 h r s .
19 ,613 ; 12 ,227 ; 10 ,734 ; 7 ,7 8 9 ;  
7 ,3 4 6 ;  6 ,9 5 8 ;  5 ,5 2 7 ;  5 ,520 9,468 8
96 h r s .
2 ,1 9 4 ;  1 ,730 ; 1 ,5 9 1 ; 1 ,5 8 1 ; 
1 ,2 0 1 ;  901 1,560 6
Serum Amylase in Obstructive Pancreatitis
and Buscopan
Time a f t e r  
L i g a t i o n
Serum Amylase Readings 
(U nits /lO O  m l . ) Mean
No. o f  
R a ts





14 ,531; 14 ,389;
13,343 6
36 h r s .
1 4 ,727 ;
7 ,957
13 ,124 ; 1 1 ,995 ; 8 ,5 4 6 ;
11,269 5
48 h r s .
12 ,430 :
8 ,0 8 0 ;
9 ,7 5 0 ;  
6 ,960 ;
9 ,2 9 9 ;
6 ,945
8 ,8 8 2 ;
8,906 7
72 h r s .
10 ,242 ;
6 ,3 7 3 ;
10 ,042 ;
5 ,626
8 ,5 3 6 ; 6 ,810 ;
7,938 6
96 h r s . 2 ,0 0 8 ; 1 ,989 ; 1,328 1,775 3
2 5 2 .
C.6
Serum Amylase in  O b s t r u c t iv e  P a n c r e a t i t i s  
and C o r t i s o n e  (1 2 .5  mgm./kilogro. body wei g b t )
A. W ithout B i l i a r y  R eflux
Time a f t e r  
L i g a t i o n
Serum Amylase Readings i/ J , \  ^  f Mean (mgm. p e r  c e n t )  I
No. o f  | 
R a ts
24 h r s . 14 ,148 ; 13 ,348 ; 12 ,992 ; 12 ,845; 1 2 ,5 7 3 ; 8 ,2 2 9 ;  8 ,022 11,737 7
36 h r s .
2 4 ,0 3 6 ; 19 ,487 ; 14 ,859 ; 13,560; 
1 1 ,676 ; 10 ,417 ; 9 ,9 0 8 ;  9 ,5 9 5 ;  
9 ,471
13,668 9
48 h r s . 11,9*76; 8 ,5 7 6 ;  7 ,485 9 ,346 3
72 h r s . 1 ,6 2 0 ;  1 ,565 ; 1 ,372 1,519 3
B. With B i l i a r y  R eflux
24 h r s .
2 3 ,7 4 8 ; 15 ,657 ; 14 ,282 ; 13 ,854 ; 
1 0 ,5 9 8 ; 10 ,432 ; 8 ,5 7 6 ;  9 ,4 5 7 ;  
8 ,5 6 7 ;  7 ,246
12,242 10
36 h r s . 2 0 ,330 ; 10 ,598 ; 10 ,023 ; 8 ,4 5 7 ; 8 ,2 6 0 ;  7 ,645
10,886 6
48 h r s .
11 ,701 ; 10 ,789 ; 9 ,5 9 8 ;  8 ,7 2 0 ;  
8 ,5 5 7 ;  6,270 9,272 6
72 h r s . 2 ,5 3 2 ;  2 ,3 2 9 ;  1,878 2,246 3
Serum Amylase in Obstructive Pancreatitis
and P r o p y l t h i o u r a c i l  ( 100 m g ./k i lo g m . body w e ig h t)
Time a f t e r  
L i g a t i o n
1 Serum Amylase Readings 
( mg. p e r  c e n t  )
' Mean No. o f  
R ats
24 h r s . ' 16 ,170 ; 14 ,063 ; 11 ,690; 10,852; 
9 ,9 6 4 ;  9 ,813 12,080 6
36 h r s . 17 ,795 ; 17 ,345 ; 11 ,452 ; 9 ,095  
8 ,0 5 3 ;  6 ,2 5 5 .
11,666 6
48 h r s . 15 ,882 ; 12 ,784 ; 11 ,272; 8 ,633 ; 
8 ,4 0 1 ;  6 ,5 3 6 . 10,600 6
72 h r s . 2 ,4 8 5 ;  2 ,1 7 6 ;  2 ,0 9 0 ;  1 ,773; 
1 ,661 . 2,037 5
96 h r s . 2 ,0 2 5 ;  1 ,671 ; 1 ,465 ; 1 ,333; 1 
1 ,207 . 1,540
5
C.8 254
R a d io - c h r o m a to g r a m s  Show in g  E f f e c t  o f  P r o p y l t h i o u r a c i l  on
T h y r o x i n e  S y n t h e s i s .
- d l l
The t  p r e s e n t  i n  t h e  g l a n d  has  b e e n  s y n t h e s i s e d  i n t o  mono-  
- i o d o t y r o s i n e  ( D . I . T . ) ,  d i - i o d o t y r o s i n e  ( M . I . T . ) ,  and t h y r o x i n e  (T 4 ,T 3 )«
B.  P r o p y l t h i o u r a c i l  ( 25 mg, f o r  t h r e e  d a y s ) .
THYROID GLAND DIGESTED WITH TRYPSIN.
BUTANOL ACETIC ACID SOLVENT.
I /ntr D l T Tfc
--------- ra -------------------
Most  o f  t h e  I r e m a i n s ,  and no more t h a n  a t r a c e  o f  t h y r o x i n e  has
b e e n  fo rm ed .




r t t . T D l T
The i o d i n e - c o n t a i n i n g  p r o t e i n  f r a c t i o n s  hav e b e e n  s e p a r a t e d  and 
i d e n t i f i e d  by p a p e r  c h r o m a to g ra p h y  ( lo w er  p a r t  t h e  upper  
t r a c i n g  i s  o f  t h e  r a d i o a c t i v i t y  p r e s e n t  i n  t h e s e  p r o t e i n  f r a c t i o n s .  
50 m i c r o c u r i e s  i n j e c t e d  24 h o u r s  b e f o r e  s a c r i f i c e .
A.  No p r o p y l t h i o u r a c i l .
— p - —  R A T  6 . G LAND D IG E ST E D  WITH T R Y PSIN . — —
BUTANO L A C E T IC  ACID SO L V E N T . 4 8  hrs.
255.
C.9.
Blood C hem is try  i n  R a ts  R e c e iv in g  A ce ta z o la m id e .
1. P lasm a A lk a l i  R eserve  ( V o ls .  p e r  c e n t  )
( a )  With A ce tazo lam id e  Readings 4 7 .9 ;  4 4 .9 ;  4 8 .9 ;  4 0 .3 ;  5 0 .8 .
Range 4 0 .3  -  5 0 .8
Average 4 6 .5
(b )  C o n tro l s  R eadings 5 6 .3 ;  6 0 .0 ;  6 1 .0 ;  5 7 .2 ;  62 .3
Range 5 6 .3  -  62 .3
Average 5 9 .4
Average p e rc e n ta g e  f a l l  i n  a l k a l i  r e s e r v e  -  21 .7  jo
2• Serum Sodium ( mEq/1 . )
( a )  With A ce tazo lam ide  ( 3 r a t s )
(b )  C o n t ro l s  ( 3 r a t s )
jfto s i g n i f i c a n t  change
Readings 145; 140; 143. 
l a d i n g s  145; 145; 149.
3 . Serum P o ta ss iu m  ( mEq/1 . )
( a )  With A cetazo lam ide  ( 3 r a t s )
(b )  C o n tro l s  ( 3 r a t s )
Rq s i g n i f i c a n t  change
Readings 4 . 9 ;  4 . 8 ;  5 .1 ;  
h ea d in g s  4 . 9 ;  4 . 3 ;  4 . 1 .
256.
C.10
Serum Amylase in Obstructive Pancreatitis
and Acetazolamide
Av WiffihyB#! jary  R$f lu± i
Time a f t e r  
L ig a t i o n
Serum Amylase h ead in g s  
( mg. p e r  c e n t ) Mean
No. o f
H ats
24 h r s . 13 ,013; 11 ,380; 11 ,220 ; 10 ,276; 
8 ,136
10,805 5
48 h r s . 15 ,495; 11 ,673 ; 9 ,9 1 5 ;  9 ,614  
7 ,1 2 1 .
10,764 5
72 h r s . 7 ,6 8 5 ;  5 ,5 4 8 ;  5 ,3 7 0 ;  4 ,0 7 0 . 5 ,670 4
$6 h r s . 2 ,1 3 0 ;  1 ,416 . 1,748 2
Bv ux
24 h r s . 13 ,365 ; 12 ,730 ; 11 ,975 ; 8 ,7 5 5 ; 
8?410; 7 ,8 0 7 ;  7 ,6 7 0 ;  7 ,6 4 2 ; 
7 ,6 8 6 .
9 ,570 9
48 h r s . 12 ,234 ; 8 ,9 6 1 ;  7 ,9 4 6 ;  7 ,9 5 1 . 9 ,273 4
72 h r s . 5 ,3 5 0 ;  4 ,8 3 2 ;  4 ,2 1 8 ;  4 ,2 1 3 . 4 ,653 3
257.
A P P E N D I X  0
The S i g n i f i c a n c e  o f  ftyperam ylasaem ia i n  S u r g ic a l  
C o n d i t io n s :  Serum Amylase I n v e s t i g a t i o n s  i n  181
P a t i e n t s  w i th  A cute Abdominal Symptoms.
R e p r in t
S c o t t i s h  M ed ica l J o u r n a l  (1958) 3 :805
